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ABSTRACT
A b r ie f  sum m ary  of th e  c h a r a c t e r  a n d  d e s c r i p t i o n  of th e  pi* -  n 
t r a n s i t i o n  a n d  th e  (pi* , n) e x c i t e d  s t a t e  w i th  e m p h a s i s  on  t h e  (pi* , n) 
e x c i t e d  t r i p l e t  s t a t e  of a ro m a t ic  c a r b o n y l  c o m p o u n d s  i s  p r e s e n t e d .
The e f f e c t  of  h y d ro g e n  bo n d  fo rm a t io n ,  p a r t i c u l a r l y  t h e  i n t r a m o l e c u l a r  
h yd rog en  bo n d  o f  t h e  c o n j u g a t e d  c h e l a t e  s y s t e m ,  on  e l e c t r o n i c  t r a n s i ­
t io n s  a n d  m o le c u la r  c o n f i g u r a t i o n s  i s  d i s c u s s e d .  E xam p le s  of p ro ton  
t r a n s f e r  r e a c t i o n s  p e c u l i a r  t o  i n t r a m o le c u la r  h y d ro g e n  b o n d e d  s y s t e m s  
a re  g iv e n  from th e  l i t e r a t u r e .  M e c h a n i s m s  of s e v e r a l  p h o t o f i s s i o n  
p r o c e s s e s  a re  e x a m in e d .
A n o v e l  t e c h n i q u e  for ve ry  e a s i l y  o b ta in in g  low t e m p e r a tu r e  
a b s o r p t io n  s p e c t r a  i s  d e s c r i b e d .  It i s  a  d o u b le  b e a m  t e c h n i q u e  in  
w h ic h  o rd in a ry  r e c t a n g u l a r  q u a r t z  a b s o r p t io n  c e l l s  a r e  u s e d .
The p h e n o m e n a  of th e rm o ch ro m lsm  a n d  p h o to c h ro m is m  a re  
d i s c u s s e d .  An a rg u m en t  i s  p r e s e n t e d  for t h e  u s e  of  t h e  te rm  
"c ry o c h ro m is m "  to  d e s c r i b e  th e  b a th o c h r o m ic  d i s p l a c e m e n t  (sh if t  
to w a rd  lo n g e r  w a v e l e n g t h s )  of a n  a b s o r p t io n  b a n d  w h e n  t h e  t e m p e r a ­
tu re  i s  c h a n g e d  from a m b ie n t  to  t h e  t e m p e r a tu r e  of l iq u id  n i t r o g e n  
(7 7°K ) . The i n f l u e n c e  of s t e r i c  f a c t o r s  on  E. T.  ( e l e c t r o n  t r a n s fe r )  
b a n d s  i s  p o i n t e d  o u t .
The e f f e c t  of  t e m p e r a t u r e  on  e l e c t r o n i c  t r a n s i t i o n s  i s  d i s ­
c u s s e d ,  a n d  t h e  c ry o c h ro m ic  s h i f t  o b s e r v e d  for s u b s t i t u t e d
x i
b e n z a l d e h y d e s  w h ic h  a re  not i n t r a m o le c u ia r ly  h y d ro g en  b o n d e d  is  
d e s c r i b e d .  The a b s o r p t io n  s p e c t r a  of i n t r a m o l e c u l a r  h y d ro g en  b o nd ed  
and  n o n - i n t r a m o l e c u l a r  h y d ro g e n  b o n d e d  c o m p o u n d s  are  i n t e r p r e t e d  
w i th  a s s u m p t i o n s  c o n c e r n in g  th e  c o p la n a r i t y  of  th e  p heny l  a n d  th e  
c a r b o n y l  c h r o m o p h o r e s .
The E. T. a b s o r p t io n  s y s t e m  of an  i n t r a m o le c u la r  h y d ro g en  bond ed  
m o l e c u l e ,  s a l i c y l a l d e h y d e ,  i s  c o m p a re d  w i th  t h a t  of a n o n - i n t r a m o l e c u l a r  
h y d ro g e n  b ond ing  r e f e r e n c e  m o le c u l e ,  p . - h y d r o x y b e n z a l d e h y d e , in  
io n iz in g  (b as ic )  s o l u t i o n .  The p a r t i a l  i o n i z a t i o n  of s a l i c y l a l d e h y d e  
r e s u l t i n g  from th e  i n f lu e n c e  of t h e  n o n - b o n d in g  e l e c t r o n s  of th e  
c a r b o n y l  o x y g e n  in s a l i c y l a l d e h y d e  p r o d u c e s  a b a th o c h ro m ic  sh i f t  of 
t h e  l o n g e s t  w a v e l e n g t h  E. T ,  b a n d  s im i l a r  in  m ag n i tu d e  and  d i r e c t i o n  
to  th e  s h i f t  o b s e r v e d  for f> -h y d ro x y b e n za ld e h y d e  in  b a s i c  s o l u t i o n .
The r e l a t i o n s h i p  t h a t  e x i s t s  b e tw e e n  th e  c ry o c h ro m ic  sh i f t  a nd  th e  
sh i f t  d u e  to  t h e  fo rm at ion  of an  i n t r a m o le c u la r  h yd ro g en  b o n d  i s  
d i s c u s s e d .  The b lu e  sh i f t  of  th e  long w a v e l e n g th  E.  T. a b s o r p t io n  
b a n d  of i n t r a m o l e c u l a r  h y d ro g e n  b o n d e d  m o le c u le s  upon  i r r a d i a t i o n  
h a s  t h e  sa m e  m ag n i tu d e  a s  th e  red  sh i f t  w h ic h  r e s u l t s  from e i t h e r  
d e c r e a s i n g  t h e  t e m p e r a tu re  or forming a h y d ro g en  bond;  t h e  im p o r ta n c e  
of t h e  o b s e r v a t i o n  in  th e  i n t e r p r e t a t i o n  of  t h e  m e c h a n i sm  i s  e m p h a s i z e d .
An a n a l y s i s  of t h e  a b s o r p t i o n  s p e c t r u m  a n d  t h e  c ry o c h ro m ic  sh i f t  
of 2 , 4 - d i h y d r o x y b e n z a l d e h y d e  i s  m a d e .  The long w a v e l e n g t h  b a n d
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e x h ib i t s  t h e  e n e rg y  and  c ry o c h ro m ic  c h a r a c t e r i s t i c s  of th e  long w a v e ­
l e n g th  E. T. b a n d  of 2 - h y d r o x y b e n z a l d e h y d e  ( s a l i c y l a l d e h y d e ) ,  a n d  
th e  s e c o n d  b a n d  h a s  th e  c h a r a c t e r i s t i c s  of th e  long w a v e le n g th  E. T. 
b a n d  of 4 - h y d r o x y b e n z a l d e h y d e  ( p - h y d r o x y b e n z a l d e h y d e ) .
The i n c r e a s e  in th e  i n t e n s i t y  of t h e  p h o s p h o r e s c e n c e  upon  
i r r a d i a t i o n  w i th  u l t r a v io l e t  l igh t  i s  d i s c u s s e d .  Various  d e s c r i p t i o n s  
of  t h e  e x c i t e d  s t a t e  a re  p r e s e n t e d  w i th  s u g g e s t i o n s  for t h e  m e c h a n i s m s  
l e a d in g  to  th e  p h o s p h o r e s c e n t  s p e c i e s .
E v id e n ce  of t h e  p h o t o f i s s i o n  of th e  e s t e r  l in k a g e  of a ro m a t ic  
p h e n y l  e s t e r s  w i th  th e  fo rm at ion  a n d  t r a p p in g  of t h e  f ree  r a d i c a l  
f r a g m e n ts  i s  p r e s e n t e d .  The o c c u r r e n c e  of p h o t o l y s i s  d e p e n d s  upon  
t h e  p r e s e n c e  of  a  p h e n o x y l  g roup  in  th e  m o l e c u l e .  The s p e c i e s  w h ic h  
c a u s e s  th e  y e l lo w  c o lo r  in  th e  i r r a d i a t e d  g l a s s y  s o l u t io n  i s  i d e n t i f i e d  
a s  a  p h e n o x ld e  f ree  r a d i c a l .
P h o t o f i s s io n  by p r e d i s s o c i a t i o n  of th e  a ro m a t i c  b e n z e n e  r ing i s  
d e s c r i b e d  for a  g roup  of r e l a t e d  c o m p o u n d s .  The f i s s i o n  p roduc t  i s  
i d e n t i f i e d  a s  a  h e x a t r i e n e ,  and  th e  m e c h a n i s m  of t h e  d e c r e a s e  in  th e  
i n t e n s i t y  of t h e  p h o s p h o r e s c e n c e  of b e n z e n e  upon  i r r a d i a t i o n  in  EPA 
i s  e x p l a i n e d .
The e f f e c t  of  t h e  i n t r a m o le c u la r  h y d ro g e n  b o n d  of t h e  c o n ju g a t e d  
c h e l a t e  s y s t e m  on  e l e c t r o n i c  t r a n s i t i o n s  i s  s u m m a r i z e d ,  a n d  t h e  r e l a ­
t i o n s h i p s ,  th ro u g h  m e c h a n i s m s  Invo lv ing  t h i s  b o n d ,  of t h e  v a r io u s
re p o r t e d  p h e n o m e n a  a re  e m p h a s i z e d .  S u g g e s t i o n s  for  fu r the r
x i i i
i n v e s t i g a t i o n s  a n d  im p ro v em en ts  in  e x i s t i n g  e x p e r im e n ta l  e q u ip m e n t  and  




a . E le c t r o n ic  T r a n s i t i o n s  o f O rg a n ic  M o l e c u l e s :
The a b s o r p t io n  of  a  p h o to n  of  e l e c t r o m a g n e t i c  r a d i a t i o n  of  
s u f f i c i e n t  e n e rg y  p ro m o te s  a m o le c u le  t o  a n  e x c i t e d  e l e c t r o n i c  s t a t e .
The e l e c t r o n i c  d e s c r i p t i o n  of t h i s  s t a t e  and  t h e  m e c h a n i s m s  of  i t s  
s u b s e q u e n t  r e a c t i o n s  a n d  t r a n s f o r m a t i o n s  a s  t h e  e n e rg y  i s  d e g ra d e d  
a re  t h e  i n t e r d i s c i p l i n a r y  c o n c e r n s  of s p e c t r o s c o p y  a n d  p h o t o c h e m i s t r y . 
T here  s h a l l  be  no a t t e m p t  in  th e  t r e a tm e n t  of t h e s e  d a t a  to  d i s t i n g u i s h  
or to  r e l a t e  t h e  tw o  f i e l d s , but  t h a t  a p p ro a c h  w h ic h  s e e m s  to  o f fe r  
th e  b e s t  u n d e r s t a n d i n g  of t h e  s y s t e m  i s  u s e d .
M o s t  o rg an ic  m o le c u l e s  h a v e  e v e n  num bers  of e l e c t r o n s  w h ic h  
a re  s p i n - p a i r e d  in  th e  g ro un d  s t a t e .  S u ch  s t a t e s  h a v e  no ne t  s p i n  
a n g u la r  momentum and  a re  c a l l e d  s i n g l e t  s t a t e s .  A b so rp t io n  of l igh t  
p ro m o te s  a n  e l e c t r o n  to  a h ig h e r  v a c a n t  o r b i t a l ,  o r b l t a i l y  u n p a i r ln g  
t h e  e l e c t r o n s .  S p i n - u n p a i r i n g  i s  h ig h ly  fo rb id den  a n d  s u c h  t r a n s i t i o n s  
c a n  o c c u r  on ly  w i th  v e ry  low p r o b a b i l i t y .  W h e n  s p i n  i n v e r s i o n  ( in te r ­
s y s t e m  c r o s s i n g )  d o e s  t a k e  p l a c e , a  t r ip ly  d e g e n e r a t e  s t a t e  h a v in g  a 
ne t  s p in  a n g u la r  momentum S = 1 a n d  kn ow n  a s  a t r i p l e t  s t a t e  i s  fo rm ed .
E x c i te d  s t a t e s  r e a c h e d  by t h e  a b s o r p t i o n  of v i s i b l e  a n d  u l t r a ­
v io le t  l ig h t  a re  s t a t e s  of q u i t e  h igh  e n e r g y .  A b so rp t io n  of  l ig h t  a t  
400 mu c o r r e s p o n d s  to  t h e  a b s o r p t i o n  of 7 1 . 6  k c a l / m o l e ,  a b s o r p t io n
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a t  200 m u,  t o  1 4 3 .2  k c a l / m o l e .  M o l e c u l e s  w o u l d  not  b e  e x p e c t e d  t o  
s p e n d  long  t i m e s  in  s u c h  e n e r g y - r i c h  s t a t e s .
E le c t r o n i c a l l y  e x c i t e d  s t a t e s  d i s s i p a t e  t h e i r  e n e r g y  by t h r e e  
g e n e r a l  t y p e s  of p r o c e s s e s :  ( 1) r a d i a t i v e  t r a n s i t i o n  ( e m i s s io n  of 
l i g h t ) ,  (2 ) r a d i a t i o n l e s s  t r a n s i t i o n  w h i c h  p r o d u c e s  no p e rm a n e n t  
c h e m i c a l  c h a n g e ,  a n d  (3) c h e m i c a l  r e a c t i o n .
R a d ia t i v e  e l e c t r o n i c  t r a n s i t i o n s  may b e  c l a s s i f i e d  a s  a l l o w e d  
(high p r o b a b i l i ty )  or  fo rb id d e n  (low p r o b a b i l i t y ) . S p in  f o r b id d e n  
t r a n s i t i o n s  a r e  s t r o n g ly  f o r b id d e n  a n d  in  th e  a b s e n c e  of a  p e r tu rb in g  
e n v i ro n m e n t  c a n  on ly  be  o b s e r v e d  by  c a r e f u l  m e a s u r e m e n t s  in  f a v o r ­
a b l e  c a s e s .
S y m m e t r y - f o r b id d e n  t r a n s i t i o n s  a r e  u s u a l l y  o b s e r v a b l e  but  a re
c h a r a c t e r i z e d  by low i n t e n s i t y .  The t r a n s i t i o n  m om ents  of  s y m m e t r y -
fo rb id d e n  t r a n s i t i o n s  v a n i s h  b e c a u s e  of t h e  sym m etry  p r o p e r t i e s  of th e
I n t e g r a n d . To b e  n o n - z e r o  t h e  f u n c t i o n  (<^ M 4>f) m us t  b e  t o t a l l y
sy m m e tr ic ;  s i n c e  ( ^ )  i s  no rm al ly  t o t a l l y  sy m m etr ic ;  t h e  t r a n s i t i o n
w i l l  on ly  b e  a l l o w e d  if t h e  p ro d u c t  (M $>f) i s  s y m m e t r i c .  In so m e
c a s e s ,  t h e  l o c a l  sy m m etry  of th e  c h ro m o p h o r ic  g roup  may be  more
1 , 2
im p o r tan t  t h a n  t h e  sym m etry  of t h e  w h o l e  m o l e c u l e .
. W .  S id m a n ,  C h e m . R e v . , 5 8 ,  689 (1958) .
*This  c o n c e p t  of l o c a l  sy m m et ry  i s  b a s e d  on  t h e  c o n s i d e r a t i o n  
t h a t ,  i n  d e te rm in in g  t h e  i n t e n s i t y  of a  t r a n s i t i o n ,  o n ly  t h a t  p a r t  of 
t h e  pi* o r b i t a l  i s  im p o r tan t  w h ic h  a r i s e s  from t h e  (2P pi) o r b i t a l  of  
t h e  o x y g e n  a tom ;  a n d  i t  i s  not  t h e  sy m m et ry  of t h e  m o le c u la r  o r b i t a l s , 
b u t  on ly  t h a t  of  t h e  (2 P pi) a n d  t h e  n - o r b l t a l s  a t  t h e  c e n t r o s y m m e t r i c  
o x y g e n  a to m ,  n e e d  b e  c o n s i d e r e d .
3
The p ro b a b i l i ty  of a n  o p t i c a l  t r a n s i t i o n  of  th e  a l l o w e d  e l e c t r i c  
d ip o le  t y p e  i s  p ro p o r t io n a l  to  t h e  s q u a r e  of t h e  t r a n s i t i o n  m o m en t ,  m.
The t r a n s i t i o n  moment e q u a t io n  i n v o lv e s  a n  i n t e g r a t i o n  ove r  a l l  
s p a c e .  The i n te g r a n d  c o n s i s t s  of th e  w a v e  fu n c t io n  for t h e  g round  
s t a t e  of th e  m o le c u le  fo l lo w ed  by a c a r t e s i a n  c o m p o n e n t  of t h e  e l e c t r i c  
d ip o le  o p e r a t o r ,  a c t i n g  on  t h e  w a v e  fu n c t io n  of t h e  e x c i t e d  s t a t e  of 
t h e  m o le c u l e .
O ne  of th e  d i f f e r e n c e s  b e tw e e n  pi* •- n a n d  pi* -  pi t r a n s i t i o n s
i s  th e  c o n t r a s t i n g  p o l a r i z a t i o n  of th e  t r a n s i t i o n  for e l e c t r i c  d ip o le
r a d i a t i o n .  K asha  g i v e s  t h e  t r a n s i t i o n  moment for pi* -  n t r a n s i t i o n
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of a c a r b o n y l  o x y g e n  d i a g r a m m a t i c a l l y , r e p l a c in g  th e  s t a t e  w a v e  
f u n c t io n s  w i th  th e  i n i t i a l  a n d  f in a l  w a v e  f u n c t i o n s .
The p o l a r i z a t i o n  of t h e  o p t i c a l  t r a n s i t i o n  i s  d e d u c e d  from th e  
t r a n s f o r m a t io n  p r o p e r t i e s  of  th e  t r a n s i t i o n  moment i n t e g r a l . The
(2P pi) a to m ic  n - o r b i t a l  on  th e  o x y g e n  a to m  h a s  i t s  p l a n e  o f  a n t i ­
sy m m etry  p e r p e n d i c u l a r  to  t h e  m o le c u la r  p l a n e .  C o n s i d e r in g  only
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. K a s h a ,  M .  A. E l-Bayoumi a n d  W .  R h o d e s ,  C h e m . P h v s . , 
58., 916 (1961) .
t h e  par t  of th e  (pi*) m o le c u la r  o r b i ta l  l o c a t e d  on th e  o x y g e n  a to m ,  
w e  s e e  t h a t  no d i r e c t i o n  of t h e  e l e c t r i c  t r a n s i t i o n  d ip o le  c a n  
s i m u l t a n e o u s ly  convert t h e  a n t i sy m m e t ry  of t h e  (pi*) o r b i t a l  and  
th e  a n t i sy m m e t ry  of th e  n - o r b i t a l  in  s u c h  a w a y  a s  t o  g i v e  a  
sy m m etr ic  in te g r a n d  th ro u g h o u t  s p a c e .  I n t e g r a t i o n  o v e r  t h e  w h o le  
s p a c e  o f  th e  m o le c u le  l e a d s  to  a  c o m p le te  v a n i s h in g  of t h e  t r a n s i t i o n  
m o m en t .  T h e re fo re ,  th e  p r e d i c t e d  i n t e n s i t y  of p i * -  n t r a n s i t i o n s  
o r ig in a t in g  on a c a rb o n y l  o x y g e n  in  t h e  m o le c u le  w i l l  be  z e ro  for 
e l e c t r i c  d ip o le  r a d i a t i o n .  S m a l l  i n t e n s i t i e s  a r e  s o m e t im e s  o b ­
s e r v e d ,  h o w e v e r ,  a s  a r e s u l t  of  v ib r a t io n a l  i n t e r a c t i o n .  If th e  
l o n e - p a i r  o r b i t a l  i s  an  sp. h y b r id ,  th e  t r a n s i t i o n  w i l l  b e  a l l o w e d  
b e c a u s e  of t h e  s_ c o m p o n e n t . In P l a t t ' s  n o m e n c la t u r e ,  a l l o w e d  
pi* •- n t r a n s i t i o n s  a re  d e s i g n a t e d  *W _ *A a n d  t h e  fo rb id d en  o n e s  
*- *A. M o la r  a b s o r p t io n  c o e f f i c i e n t s , in th e  r a n g e  15 -300  
a re  o b s e r v e d  for a l i p h a t i c  a n d  a ro m a t i c  c a rb o n y l  c o m p o u n d s .  T h e s e  
t r a n s i t i o n s  a re  g e n e r a l l y  * U -  *A.
R a d ia t iv e  t r a n s i t i o n s  in  m o le c u le s  t h a t  h a v e  a  s i n g l e t  g round  
s t a t e ,  w i th  r a re  e x c e p t i o n ,  o c c u r  on ly  from t h e  l o w e s t - l y i n g  e x c i t e d  
s i n g l e t  s t a t e  a n d  t h e  l o w e s t - l y i n g  t r i p l e t  s t a t e .  The former p r o c e s s  
i s  f l u o r e s c e n c e  a n d  th e  l a t t e r ,  p h o s p h o r e s c e n c e .  The d i s t i n c t i o n  
b e t w e e n  f l u o r e s c e n c e  a n d  p h o s p h o r e s c e n c e  i s  g e n e r a l l y  m ade  on  t h e
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4 - 8b a s i s  of th e  m u l t i p l i c i t y  of  th e  s t a t e s  i n v o lv e d .  F l u o r e s c e n c e  i s  
a  r a d i a t i v e  t r a n s i t i o n  b e tw e e n  s t a t e s  of l ik e  m u l t i p l i c i t y , w h i l e  
p h o s p h o r e s c e n c e  I n v o lv e s  s t a t e s  of d i f fe re n t  or  u n l ik e  m u l t i p l i c i t y .  
P h o s p h o r e s c e n c e  l i f e t i m e s  a r e  g e n e r a l l y  g r e a t e r  t h a n  10~^ s e c o n d .
The s l o w n e s s  of t h e s e  p r o c e s s e s  i s  a s s o c i a t e d  w i th  t h e  f a c t  
t h a t  s p i n  i n v e r s io n  i s  i n v o l v e d .  The l o w e s t  t r i p l e t  i s  u s u a l l y  th e  
l e a s t  e n e r g e t i c  of the  e x c i t e d  s t a t e s ,  but  it  i s  f r e q u e n t ly  t h e  only  
o ne  th a t  r e t a i n s  e l e c t r o n i c  e x c i t a t i o n  long enough  to  u n d e rg o  c h e m ic a l  
r e a c t i o n .
In te rn a l  c o n v e r s i o n  ( n o n ra d la t iv e  t r a n s i t i o n  b e t w e e n  s t a t e s  of 
l ik e  m u l t ip l i c i ty )  i n v o lv e s  i s o - e n e r g e t i c  t r a n s i t i o n s  from a h ig h e r  
e l e c t r o n i c  s t a t e  to  a n  upper  v i b r a t i o n a l  l e v e l  of  a  lo w e r  s t a t e .  This  
t y p e  of t r a n s i t i o n  i s  fav o re d  by g r e a t  f l e x i b i l i t y  of th e  m o le c u le  ( i . e .  , 
many l o w - e n e r g y  v ib r a t io n s )  a n d  i s  c o u n t e r a c t e d  by r i g id i t y .  It  must  
b e  a c c o m p a n ie d  by a t r a n s f e r  of v ib r a t i o n a l  e n e rg y  to  t h e  su r ro u n d in g s  
( e x te r n a l  c o n v e r s i o n ) .
. N .  L e w is ,  a n d  M .  K a s h a ,  I .  Am. C h e m .  S o c . , 6 6 ., 2100
(1944) .
'’A. T e r e n in ,  a n d  V. L. E rm o lae v ,  T r a n s . F a ra d a y  S o c . , 5,2 
1042 (1966) .
. K a s h a ,  C h e m .  R e v . , 4 1 , 401 (1947) .
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M .  K a s h a ,  D i s c ■ of F a rad a y  S o c . , 9 ,  14 (1950) .
Q
M . K a s h a ,  a n d  S . P .  M c G lv n n .  Ann.  R e v , o f  P h v s . C h e m . , 7_, 
403 (1956) .
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The n o n r a d i a t i v e  i n te r n a l  c o n v e r s i o n  from h ig h e r  e x c i t e d  s t a t e s
to  th e  l o w e s t - l y i n g  e x c i t e d  s t a t e  i s  k n ow n  to  be  v e ry  rap id ;  i t  no rm al ly
- 1 1
r e q u i r e s  no more t h a n  10 s e c o n d .  S i n c e  f l u o r e s c e n c e  l i f e t i m e s  a re
7 - 8of t h e  o rder  of 1 0 “ ' t o  10 s e c o n d ,  i n t e r s y s t e m  c r o s s i n g  to  t h e  t r i p l e t  
s t a t e ,  w h ic h  must  c o m p e te  m e c h a n i s t i c a l l y  w i th  f l u o r e s c e n c e ,  m us t  be  
a t  l e a s t  t h i s  f a s t .  N o n r a d ia t iv e  d e g r a d a t i o n  to  t h e  g ro u n d  s t a t e  a c t u a l l y  
fu r ther  s h o r t e n s  th e  l i f e t im e  of e x c i t e d  s i n g l e t  s t a t e s  w e l l  b e lo w  th e  
v a l u e s  of t h e i r  f l u o r e s c e n c e  l i f e t i m e s .
I n t e r s y s t e m  c r o s s i n g ,  ( n o n ra d ia t iv e  t r a n s i t i o n s  b e t w e e n  s t a t e s  
of d i f f e r e n t  m u l t ip l i c i ty )  i s  r e l a t e d  m e c h a n i s t i c a l l y  to  i n t e r n a l  c o n v e r ­
s i o n .  In  a d d i t i o n ,  t h e r e  a re  s e v e r a l  o th e r  p r o c e s s e s  of  n o n r a d i a t i v e  
t r a n s i t i o n s  w h i c h  in v o lv e  e n e rg y  t r a n s f e r  a n d  q u e n c h in g  .
P r e d i s s o c i a t i o n  may o c c u r  w h e n  tw o  e x c i t e d  s t a t e s  h a v e  c r o s s i n g  
p o t e n t i a l  e n e rg y  c u r v e s .  E xam ples  of  s u c h  p o t e n t i a l  c u r v e s  a re  g i v e n  
b e l o w .  In p o ly a to m ic  m o l e c u l e s ,  w i th  t h e i r  l a rg e  num ber  of v i b r a t i o n a l  
d e g r e e s  of f reedom  (3n-6  w h e r e  n i s  t h e  num ber  of  a t o m s ) ,  a n d  3 n -6  
d i m e n s i o n a l  p o t e n t i a l  e n e rg y  s u r f a c e s ,  t h e s e  s u r f a c e s  com m only  c r o s s ,  
w h e n  th e  v i b r a t i o n a l  l e v e l  r e a c h e d  by a b s o r p t i o n  (from c u rv e  G to  
c u rv e  S in  t h e  d iag ram )  i s  one  of th e  c o n t i n u o u s  s e t  ly in g  a b o v e  t h e  
d i s s o c i a t i o n  e n e rg y  (D in  t h e  d i a g r a m ) , o n e  com m only  o b s e r v e s  d i r e c t  
p h o t o d e c o m p o s i t i o n .  T r a n s i t i o n s  from G t o  S a c c o rd in g  to  t h e  F ran ck  -  
C o n d o n  p r i n c i p l e  ( i . e .  , t h e  t r a n s i t i o n  w i l l  b e  v e r t i c a l )  may r e s u l t  in  
e x c i t a t i o n  to  a  v ib r a t i o n a l  l e v e l  of S a b o v e  th e  po in t  of i n t e r s e c t i o n
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of S a n d  S ' , a  p o t e n t i a l  e n e r g y  c u rv e  c o r r e s p o n d in g  to  a n o n - b o n d in g  
s t a t e .  At t h e  po in t  w h e r e  t h e  c u r v e s  c r o s s ,  t h e  i n t e r - n u c l e a r  
d i s t a n c e s  a n d  e n e r g i e s  of t h e  s t a t e s  a re  t h e  s a m e  a n d  t h e r e  e x i s t s  
a  f i n i t e  p ro b a b i l i ty  of s y s t e m  c r o s s - o v e r  t o  t h e  n o n - b o n d i n g  s t a t e  
w i th  t h e  r e s u l t a n t  d i s s o c i a t i o n  of t h e  m o le c u l e .  S im i l a r ly ,  e x c i t a t i o n  
t o  a  v i b r a t i o n a l  l e v e l  of S w h i c h  l i e s  a b o v e  t h e  d i s s o c i a t i o n  e n e r g y  of 
t h e  e x c i t e d  s t a t e  S " ,  a b on d in g  s t a t e  w h o s e  p o t e n t i a l  e n e rg y  s u r f a c e  
c r o s s e s  t h a t  of S ,  m ay ,  a s  t h e  r e s u l t  of i n t e r s y s t e m  c r o s s i n g ,  l e a d  
to  d i s s o c i a t i o n  of th e  m o l e c u l e .
b . pi* -  n  T r a n s i t i o n s  a n d  t h e  {pi* , nl E x c i te d  S t a t e :
It h a s  long  b e e n  n o t e d  t h a t  U V - v i s ib l e  a b s o r p t i o n  by  a  m o le c u le  
s o m e t i m e s  i n v o l v e s  e l e c t r o n i c  p r o c e s s e s  l o c a l i z e d  a t  p a r t i c u l a r  s i t e s  
i n  t h e  m o l e c u l e .  The s i t e s  a re  com m only  c a l l e d  c h ro m o p h o re s  or 
c h ro m o p h o r ic  g r o u p s .  The c a r b o n y l  g rou p  i s  o n e  s u c h  c h ro m o p h o r e .
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The low e x t i n c t i o n  c o e f f i c i e n t  a b s o r p t io n  b a n d  of k e t o n e s  and  
a l d e h y d e s  In t h e  2 8 0 - 3 6 0  mu r a n g e  c o r r e s p o n d s  t o  a n  e x c i t a t i o n  p r o c e s s  
in  w h ic h  a n o n - b o n d in g  n e l e c t r o n  w h ic h  i s ,  t o  a  g r e a t  e x t e n t ,  l o c a l i z e d  
on one  a tom  in  th e  m o le c u le  i s  p rom oted  to  a n  a n t ib o n d in g  (pi*) o rb i ta l  
w h ic h  i s  a n t i s y m m e t r i c  t o  r e f l e c t io n  in  t h e  m o le c u la r  p l a n e  a n d  w h ic h
Q
e x te n d s  ov e r  more t h a n  o n e  a tom  in  t h e  m o l e c u l e .  Th is  c o n s t i t u t e s  
th e  pi* *'■ n p r o c e s s  a c c o rd in g  to  t h e  s im p le  LCAO-MO d e s c r i p t i o n  a n d  
may be c o n v e n i e n t l y  d e p i c t e d  by m e a n s  of a to m ic  o r b i t a l  r e p r e s e n t a ­
t i o n . 10 Vide i n f r a .
TT* -  n
In t h e  g rou n d  s t a t e  c o n f i g u r a t i o n ,  w e  s e e  t h a t  of t h e  four 
u n s h a r e d  o x y g e n - l o c a l i z e d  e l e c t r o n s , tw o  a re  in  a  s p h e r o i d a l  o rb i ta l  
w h ic h  i s  h e a v i l y  w e i g h t e d  in  s. c h a r a c t e r .  The o th e r  tw o  a re  in  a  £>
g
R. S .  M u l l i k e n ,  a n d  H .  L.  M c M u r r a y ,  P r o c . N a t . A c a d .  S c i . , 
1 6 ,  312 (1940) .
1 0 H .  E.  Z im m erm an ,  a n d  D .  I .  S c h a s t e r . T. Am. C h e m .  S o c . . 
8 4 ,  4527 (1962) .
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o r b i t a l  p a r a l l e l  to  t h e  y - a x i s ,  t h e  (py ) o r b i t a l .  The pi. e l e c t r o n s  a re  in
t h e  (p ) o r b i t a l s  on c a r b o n  a n d  o x y g e n .  W h e n  e a c h  (p„) o r b i t a l  i s  
x  A
o c c u p i e d  by o n e  e l e c t r o n ,  p i - b o n d i n g  by o v e r l a p  of o r b i t a l s  o c c u r s .
W h e n  a n  e x t r a  e l e c t r o n  i s  a d d e d  to  th e  (px ) s y s t e m ,  th e  r e ­
s u l t in g  s p e c i e s  may be  w r i t t e n  a s  a  r e s o n a n c e  h y b r id  of tw o  s . i u c t u r e s .  
This  q u a l i t a t i v e  VB ( v a l e n c e  bond) p i c tu r e  i s  e q u i v a l e n t  t o  a  MO 
(m o le cu la r  o rb i ta l )  r e p r e s e n t a t i o n  in  w h ic h  tw o  e l e c t r o n s  w o u ld  o c c u p y  
th e  l o w e r - e n e r g y  bond ing  (pi) o r b i t a l  w h i l e  t h e  th i rd  e l e c t r o n  In t ro d u c e d  
on e x c i t a t i o n  w o u ld  a p p e a r  in  t h e  h i g h - e n e r g y  a n t ib o n d in g  (pi*) m o le c u la r  
o r b i t a l .  T h is  p r o c e s s  may b e  w r i t t e n  a s
s 2 (p i)2 y ^  ------- s 2 (p i )2y 0 (pi*)
S in c e  it  i s  t h e  tw o  b o n d in g  e l e c t r o n s  w h i c h  m ake  th e  m o le c u le  
p l a n a r ,  th e  (p i* ,n )  e x c i t e d  s t a t e  s t i l l  r e t a i n s  p l a n a r i t y  and  t h e  r e m a i n ­
ing 2j3 e l e c t r o n  i s  l o c a t e d  in  a n  o r b i t a l  o r th o g o n a l  to  t h e  p l a n e  of the  
c a r b o n y l  d o u b le  b o n d .  ^
The e n e rg y  l e v e l s  a n d  t h e  a s s o c i a t e d  e l e c t r o n i c  t r a n s i t i o n s  for 
t h e  c a r b o n y l  g ro u p  a re  d e p i c t e d  be lo w  . Also  i n d i c a t e d  a re  t h e  a tom ic  
o r b i t a l s  w h ic h  i n t e r a c t  t o  form t h e  m o le c u la r  o r b i t a l s  .
c c = o o
TT*
N.
^ A l b e r t  P a d w a ,  T e t r a h e d r o n  L e t t e r s , N o .  4 6 ,  3465 (1964) .
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B e c a u s e  of th e  l o c a l  sym m etry  a n d  t h e  e l e c t r o n e g a t i v i t y  d i f f e r ­
e n c e  b e t w e e n  c a r b o n  a n d  o x y g e n ,  t h e  g rou n d  s t a t e  of t h e  c a rb o n y l  
group  ) C - O  c o n t a i n s  an  Im por tan t  c o n t r ib u t io n  from t h e  s t r u c tu r e  
) £ - 0  . M o le c u la r  o r b i t a l  t r e a tm e n t  s h o w s  t h a t  t h e  e l e c t r o n  s h i f t  i s  
p r e d o m in a n t ly  d u e  t o  th e  b o nd in g  (pi) o r b i t a l .  E x c i t a t io n  i n v o l v e s  a 
sh i f t  of  a n  e l e c t r o n  from t h e  o x y g e n  to w a rd  th e  c a r b o n  a to m ,  a n d ,  in  
t h e  e x c i t e d  s t a t e ,  s t r u c t u r e s  l i k e  >C-£) must  make a c o n s i d e r a b l e  
c o n s t r i b u t l o n . This  e n h a n c e m e n t  of th e  t o t a l  e l e c t r o n  d e n s i t y  of the  
pi  s y s t e m  i s  i n d i c a t e d  by  a n  i n s p e c t i o n  of  th e  tw o  r e s o n a n c e  
s t r u c t u r e s  w h ic h  c o n t r ib u te  t o  t h e  (p i* ,n )  e x c i t e d  s t a t e .
To th e  e x te n t  t h a t  ) <5-0  c o n t r i b u t e s  to  t h e  g rou n d  s t a t e ,  the  
s a m e  s h i f t  l e a d s  on ly  to  ) C = 0  in  th e  e x c i t e d  s t a t e .  To t h e  e x te n t  
t h a t  t h e  (pi*) o r b i t a l  i n v o lv e s  a  c o n t r ib u t io n  from th e  (2P pi) o r b i ta l  
of th e  o x y g e n  a to m ,  no sh i f t  of e l e c t r o n s  a w a y  from o x y g e n  i s  
i n v o lv e d .  T h e re fo re  t h e  e x c i t e d  s t a t e  w i l l  c o n t a i n  so m e  c o n t r ib u t io n  
from > C - 6 , ) C = 0 ,  and  > < 5 -0 ,  and  th e r e  i s  a  ne t  m ig ra t io n  of 
c h a r g e  from th e  o x y g e n  to  th e  c a r b o n  a to m .  S p e c t r a  w h ic h  a r e  due  
t o  s u c h  c h a r g e  m ig ra t io n  o c c u r r in g  i n t r a m o l e c u l a r l y  h a v e  s o m e t im e s  
b e e n  r e f e r r e d  to  a s  i n t r a m o l e c u l a r  c h a r g e - t r a n s f e r  s p e c t r a .
c .  Effec t  of H y d ro g e n  Bonding on  E le c t ro n ic  T r a n s i t i o n s  a n d  
M o l e c u l a r  C o n f i g u r a t i o n s :
The U V - v is ib l e  s p e c t r u m  w o u ld  be  e x p e c t e d  to  be  a l t e r e d  by a 
h y d ro g e n  b on d  w h i c h  p e r tu rb s  t h e  ch ro m o p h o r ic  p a r t  of t h e  m o le c u l e .
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P im en te l  h a s  m ade  t h e  fo l low ing  g e n e r a l i z a t i o n s  a b o u t  th e  e f f e c t  of
12h y d ro g en  bond  fo rm at ion  on  e l e c t r o n i c  t r a n s i t i o n s .
(1) E le c t r o n ic  t r a n s i t i o n s  (both in  e m i s s i o n  a n d  a b s o r p t io n )  of
e i t h e r  a c i d i c  or b a s i c  s u b s t a n c e s  in  s o l u t io n  may show  s h i f t s  of t h e
13b a n d  maxima upon  h y d rog en  bond  fo rm a t io n .  T h e s e  a re  u s u a l ly  of 
th e  o rder  o f ,  b u t  s m a l l e r  t h a n ,  h y d ro g e n  bond  e n e r g i e s .  T here  i s  no 
p ro n o u n c e d  c h a n g e  of a b s o r p t io n  c o e f f i c i e n t ,  bu t  v i b r a t i o n a l  f ine  
s t r u c tu r e  may b e c o m e  d i f f u s e .
(2) The f r e q u e n c y  s h i f t s  o f te n  p ro v id e  s p e c t r a l  f e a t u r e s  s u f f i ­
c i e n t l y  s e p a r a t e d  for q u a n t i t a t i v e  d e t e r m i n a t i o n  of b o n d e d  and  u n ­
b o n d e d  s p e c i e s .
(3) pi* *- n t r a n s i t i o n s  of a  b a s e  a l w a y s  s h i f t  t o w a rd  h ig h e r
14f re q u e n c y  up o n  h y d ro g en  b o nd  fo rm a t io n .
(4) In  c o n t r a s t ,  pi* -  pi t r a n s i t i o n s  u s u a l l y  s h i f t  t o w a rd  
lo w e r  f r e q u e n c i e s  (red sh i f t )  upon h y d ro g e n  bond  fo rm a t io n .
(5) The s h i f t s  c o n t a i n  in fo rm a t io n  c o n c e r n in g  t h e  d i f f e r e n c e  in  
A H  of h y d ro g en  bond  fo rm at io n  of the  g round  and  t h e  e x c i t e d  s t a t e s ,  
bu t  t h i s  in fo rm a t io n  m us t  b e  i n t e r p r e t e d  in  t e rm s  of t h e  F r a n c k - C o n d o n  
p r i n c i p l e .  P im e n te l  h a s  a n a l y z e d  t h e  e f f e c t  of h y d r o g e n - b o n d i n g
12
G .  C .  P i m e n t e l ,  J .  A m . C h e m . S o c .  , 7 9 ,  3329 (1957) .
13W .  F .  F o r b e s ,  a n d  J .  F .  T e m p le to n ,  C a n . T. C h e m .  . 3 6 , 180
(1958).
1 4 N .  M c C o n n e l l ,  J .  C h e m .  P h v s .  . 2 0 ,  700 (1952) .
p e r t u r b a t i o n s  on  e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  in  t h e  l ig h t  of th e
15
F r a n c k - C o n d o n  p r i n c i p l e .  The o b s e r v e d  s o l v e n t  s h i f t s  th a t  a r e  due  
to  h y d ro g e n  b o n d in g  p e r t u r b a t i o n  d e p e n d  on  t h e  d i f f e r e n c e  in  t h e  
h y d ro gen  b o nd  e n e r g y  of fo rm a t io n  in t h e  g round  an d  in  th e  e x c i t e d  
s t a t e ,  i . e .  , A W . The e x c i t a t i o n  e n e r g y  W '  im p l i e d  by t h e  F r a n c k -  
C o n d o n  p r i n c i p l e  i s  t h e  d i f f e r e n c e  b e t w e e n  th e  maximum of  t h e  
a b s o r p t i o n  b a n d  a n d  th e  0 - 0  t r a n s i t i o n .  In o rd e r  to  g e t  th e  d i f f e r e n c e  
AW, one  m ust  a d d  W '  t o  th e  sh i f t  o b s e r v e d  w h e n  t h e  s o l v e n t  i s  
c h a n g e d  from h y d r o c a r b o n  to  p o la r  s o l v e n t .  It i s  p o s s i b l e  t h a t  W '  
i s  l a r g e  e n ou g h  to  c a u s e  a b lu e  s h i f t  i n  th e  a b s o r p t i o n  a l t h o u g h  t h e  
h y d ro g e n  bond i s  more s t a b l e  in  t h e  e x c i t e d  s t a t e .  If t h e  h y d ro g en  
b o n d  i s  l e s s  s t a b l e  in  t h e  (pi* t  pi) e x c i t e d  s t a t e ,  o n e  o b s e r v e s  a 
b lu e  s h i f t .  T h e r e f o r e ,  a l th o u g h  pi* _ n t r a n s i t i o n s  u n d e rg o  a b lu e  
s h i f t  d u e  to  h y d ro g e n  b o n d i n g , pi* *- pi t r a n s i t i o n s  may sh i f t  to  th e  
r e d  or to  t h e  b l u e ,  a n d  t h i s  d o e s  not  n e c e s s a r i l y  r e f l e c t  t h e  r e l a t i v e  
s t a b i l i t i e s  of t h e  h y d ro g e n  bo n d  in  t h e  g ro u nd  a n d  e x c i t e d  s t a t e s .
(6 ) The i n t e n s i t y  of f l u o r e s c e n c e  i s  in  so m e  c a s e s  i n c r e a s e d  
a n d  o t h e r s  d e c r e a s e d  by h y d r o g e n  b o n d  fo rm a t io n .
(7) The p h e n o m e n o n  of p h o to t r o p i s m  ( the r e v e r s i b l e  c h a n g e  in  
t h e  a b s o r p t i o n  s p e c t r u m  of a  m o le c u le  a s  t h e  r e s u l t  of i r r a d i a t i o n  w i th  
l igh t )  may b e  i n f l u e n c e d  or  p e r h a p s  d e te r m i n e d  by in t r a m o l e c u l a r  
h y d ro g e n  bond  fo r m a t io n .
^ P i m e n t e l ,  o p . c l t .
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(8 ) F a r - u l t r a v i o l e t  a b s o r p t i o n  by h y d ro g en  b o n d e d  s p e c i e s  
( c a . 2 0 0  mu) may b e  c o n n e c t e d  w i t h  d i s s o c i a t i o n  of  t h e  h y d ro g e n  b o n d .
The a b o v e  g e n e r a l i z a t i o n s  a r e  a t t r i b u t e d  to  t h e  e s s e n t i a l l y  
e l e c t r o s t a t i c  c h a r a c t e r  of  t h e  h y d ro g e n  b o n d .  That  i s ,  t h e  e x c h a n g e  
f o r c e s  m ake  on ly  a  s m a l l ,  i f  a n y ,  d i r e c t  c o n t r ib u t io n  to  i t s  fo rm a t io n .  
Ignor ing  d i s p e r s i o n  f o r c e s ,  i t s  s t r e n g th  i s  m ain ly  d e t e r m i n e d ,  e . g .  , 
in t h e  c a s e  of  a  - O - H .  ’ * ’ O' ( s y s t e m ,  by t h e  a t t r a c t i o n  b e t w e e n  th e  
p ro ton  an d  t h e  n o n - b o n d in g  e l e c t r o n s  and  t h e  e l e c t r o n s  of  t h e  c o v a l e n t  
O - H  b o n d  and  b e t w e e n  t h e  p ro to n  an d  t h e  O'  - n u c l e u s . ^
A m od if ied  i n t e r p r e t a t i o n  o f  th e  p o l a r i z a t io n  a r i s in g  from h y d ro g en  
b o n d  fo rm a t io n  h a s  b e e n  a d v a n c e d .  In t h e  c a s e  of  a n  -O -H *  * * * 0 '<  
h y d ro g e n  b o n d ,  i t  h a s  b e e n  s u g g e s t e d  th a t  t h e  w a v e  f u n c t io n  of th e  
c o v a l e n t  s t r u c tu r e  - 0 “ H - 0 l+( s h o u ld  make  a  c o n t r i b u t i o n  to  th e  
s t a b i l i t y  of t h e  h y d ro g e n  b o n d .
H y d ro g e n  b o nd in g  a l s o  h a s  a n  e f f e c t  on  t h e  1R t r a n s f o r m a t i o n s  of 
t h e  -O H  a n d  0 = 0  f u n c t io n a l  g r o u p s .  The f r e q u e n c y  of t h e  O - H  s t r e t c h ­
ing mode d e c r e a s e s  a n d  th e  b a n d  w id th  i n c r e a s e s  a s  a  r e s u l t  of th e
17h y d ro g en  b o n d  fo r m a t io n .
16A. B uraw oy ,  H yd rog en  Bonding (e d i t e d  by D .  H a d z i ) , P en g am on  
P r e s s ,  London (1959) ,  2 5 9 .
17A. E.  M a r t in ,  N a t u r e . 1 6 6 . 474 (195 0 ) .
14
The fo l low ing  d a t a  a re  g i v e n  by B ig gen s  for t h e  p y r o c a t e c h o l  m o n o -





- 1 3380 cm ^ c a .  3607 cm
17 12 c a .  1750
The m a g n i tu d e  of  t h e  s p e c t r a l  sh i f t  of t h e  OH fu n d a m e n ta l  i s  a
19m e a s u r e  of th e  s t r e n g th  of th e  h y d ro g e n  b o n d .  The sh i f t  p e r  k c a l .  
o f  h y d ro g e n  b o nd  e n th a lp y  i s  r e p o r te d  to  b e  ca,.  35 c m - 1 .
I n t r a m o le c u la r  h y d ro g e n  bo . ids  a r e ,  in  g e n e r a l ,  much s t r o n g e r  
th a n  i n t e r m o l e c u l a r  h yd rog en  b o n d s . The e f f e c t  of  t h i s  s t r o n g e r  
bon d in g  on t h e  p h y s i c a l  p r o p e r t i e s  of t h e s e  c h e l a t e d  m o le c u l e s  i s  
q u i t e  n o t i c e a b l e .  It a f f e c t s  t h e  s t a t e  of  a g g r e g a t i o n ,  vapor  p r e s s u r e ,  
c o n d u c t i v i t y ,  p h a s e  c h a n g e s ,  s u r f a c e  t e n s i o n ,  a n d  r e a c t i o n  m e c h a n ­
i s m s  in  a d d i t i o n  to  i t s  e f f e c t  on  th e  v i b r a t i o n a l  (IR) a n d  e l e c t r o n i c
7 n(U V -v is ib le )  s p e c t ru m  of t h e  m o le c u l e .
18
R. B ig g in s  , e t . a l . , C h e m . S o c .  , 1750 (1963) .
19
L. J .  B e l lam y ,  The In f r a re d  S p e c t r a  of  C o m p le x  M o l e c u l e s .  
M e t h u e n ,  London (1954) .
20G .  M .  B ad g er ,  R e v . Pure  Ap p I . C h e m .  . 7 .  55 (1957) .
15
An e x a m p le  of l n t e r m o l e c u l a r  h y d ro g en  bond ing  i s  t h a t  g i v e n  by
2 1C o n o v e r  for  th e  s o l v a t i o n  of a l k o x y b e n z a l d e h y d e s .
A ~ s  H
R
R
The a n a l o g o u s  hydroxy l  co m p o u n d s  a r e  c h e l a t e d  a n d  in v o lv e  t h e  
c o n ju g a te d  s y s t e m  in  t h i s  m an n e r .
P i n c h a s  h a s  r e p o r t e d  s im i la r  i n t r a m o le c u la r  h y d ro g en  b on d in g  in
22o - n i t r o b e n x a l d e h y d e  a n d  in  t h e  r e l a t e d  c o m p o u n d s  sh o w n  b e lo w .
HV ° - y
S S +
S t a b i l i z a t i o n  of t h i s  t y p e  in  th e  n e u t r a l  m o l e c u l e ,  t h e  i o n ,  and 
th e  c o o r d in a t io n  com pound  i s  r e s p o n s i b l e  for t h e i r  h igh  r e s o n a n c e  
s t a b i l i t y  a n d  to  so m e  e x te n t  for t h e i r  c h ro m o p h o r ic  a c t i v i t y  ( i . e . , 
m arked  s p e c t r a l  c h a n g e s  in  t h e  U V - v i s ib l e  s p e c t r u m ) . 23  Below a re
2 1 L. H .  C o n o v e r ,  C h e m .  S o c . S p e c i a l  P u b l i c a t i o n s , 5,, 48 (19 5 6 ) .
22
S . P i n c h a s , J.. P h y s  . C h e m . , _67_, 1862 (1963) .
2 3 C .  R. Burv.  T. Am. C h e m .  S o c . . 5 7 , 2115 (1935) .
16




The p o s s i b i l i t y  o f  i n t r a m o l e c u l a r  h y d ro g e n  b o nd ing  e v e n  in
c o m p o u n d s  s u c h  a s  o - m e t h o x y b e n z a l d e h y d e  h a s  b e e n  r e p o r t e d .  ^
U r a z o v s k i i  a n d  S h c h ip k o v a  a t t r i b u t e d  t h e  e x i s t a n c e  of a lp h a  a n d  b e t a
m o d i f i c a t io n s  of o - m e t h o x y b e n z a l d e h y d e  to  i n t e r -  a n d  i n t r a m o l e c u l a r
h y d ro g e n  b ond ing  in v o lv in g  th e  CH O  p r o to n .  In f ra re d  d a ta  h a v e  b e e n
c i t e d  a s  e v i d e n c e  for h y d ro g e n  b o n d ing  in v o lv in g  t h e  a ld e h y d i c  C - H
25 ,26
group  by P i n c h a s ,  a n d  F rey m ann  a n d  F r e y m a n n .  P i n c h a s  p r e s e n t s
a  s t r u c t u r a l  m o de l  for th e  f u n c t io n a l  p a r t  of a n  y - a l k o x y b e n z a l d e h y d e  in
24S .  S .  U r a z o v s k i i ,  a n d  I .  S .  S h c h i p k o v a ,  D o k la d v  A k a d .
N auk  S . S . S . R .  . 9 0 ,  1079 (1953) .
25
S .  P i n c h a s ,  A n a l . C h e m . ,  2 7 .  2 (1955) .
26
M .  F r e y m a n n ,  and  R. F r e y m a n n ,  C o m p t .  r e n d . ,  2 1 9 ,  515 (1944) .
17
w h ic h  th e  a l d e h y d i c  h y d ro g e n  p o s s e s s e s  a  p a r t i a l  p o s i t i v e  c h a r g e  
( r e l a t i v e  to  h y d r o g e n  b o u n d  t o  s p 2 h y b r i d i z e d  ca rbon)  a n d  a n u c l e o -  
p h i l i c  a c c e p t o r  i s  in  t h e  o r t h o - p o s i t i o n .
94°H
120
(0 =) c ca r ar
On th e  o th e r  h a n d ,  S c h n e id e r  an d  B e r n s t e in  found  no e v i d e n c e  for
h y d ro g en  b o n d in g  in  t h e  IR s p e c t r a  of s o l i d  fo rm a ld e h y d e  or a c e t a l d e -  
27
h y d e .
d . P h o to r e d u c t io n :
There  i s  e v i d e n c e  th a t  th e  n - o r b i t a l  of  o x y g e n  in  t h e  (p l* ,n )
e x c i t e d  s t a t e  of  k e t o n e s  i s  a h ig h ly  l o c a l i z e d  s i t e  of p h o t o c h e m i c a l
28r e a c t i v i t y  w i th  r a d i c a l  c h a r a c t e r i s t i c s .  H y d ro g e n  a tom  a b s t r a c t i o n
3
i s  p o s s i b l e  by  t h e  (p l* ,n )  t r ip l e t  s t a t e  of b e n z o p h e n o n e  a n d  i t s  d e r i v a ­
t i v e s  b e c a u s e  of t h e  l o c a l i z a t i o n  of  t h e  e x c i t a t i o n  (a n o n - b o n d in g  
e l e c t r o n  l o c a t e d  o n  th e  o x y g e n  a to m ) ,  but  in  t h e  (pi* , pi) t r i p l e t  
s t a t e ,  t h e  g r e a t e r  d e l o c a l i z a t i o n  r e n d e r s  r e l a t i v e l y  i n e f f e c t i v e  t h e
27W .  G .  S c h n e i d e r ,  a n d  H .  J .  B e r n s t e i n ,  T r a n s . F a r a d a v  S o c .  , 
5 2 ,  13 (1956) .
2 ®G. W .  G r i f f i n ,  a n d  E.  J .  O ’C o n n e l l .  I .  Am. C h e m .  S o c . ,  84. 
4148 (1962) .
h y d ro g en  a b s t r a c t i n g  pow er  of th e  o x y g e n  a tom  in  th e  c a r b o n y l  g ro u p .
Although b e n z o p h e n o n e  i s  p h o to r e d u c e d  q u i t e  r e a d i l y  in  hydroxy  l i e
s o l v e n t s ,  o - b e n z y l b e n z o y l b e n z e n e  d o e s  not  un d e rg o  p h o to r e d u c t io n
3 0 , 3 1




d i e n e o p h i l e
■O'
.o>
The i d e n t i t y  of th e  i n t e r m e d i a t e  w a s  d e d u c e d  from d eu tu r iu m  
e x c h a n g e  s t u d i e s  a n d  by i t s  r e a c t i o n  w i th  a  d i e n e o p h i l e .
The fo l lo w in g  s c h e m e  of t r a n s i t i o n s  h a s  b e e n  a d v a n c e d  to  e x p la in  
th e  p h o t o e n o l i z a t l o n .  32
2 ^J .  N .  P i t t s ,  J r . ,  H .  W .  J o h n s o n ,  J r . ,  a n d  T .  K u a w a n a ,  J.- 
P h v s . C h e m . , 6 6 ., 2456 (1962) .
on
G .  S .  H am m ond ,  a n d  W . M .  M o o re ,  T. Am. C h e m .  S o c . . ,  8 1 . 
6334 (1959) .
31
N .  C .  Y an g ,  a n d  C a r l o s  R i v a s ,  I b i d . , 8 3 , 2213 (1961) .
3 2 E. F .  Z e i c k e r ,  L. I .  G r o s s w e i n e r ,  a n d  N . C .  Y a n g , i b i d . ,
8 5 ,  2671 (1963) .
( iT*,n)
s i n g l e t
i n t e r s v s t e m  c r o s s i n g  
(3)
( r r * ,n )
t r ip l e t
C o h e n  g i v e s  t h e  fo l lo w in g  r e a c t i o n  for t h e  p h o to r e d u c t io n  of 
33
a m i n o b e n z o p h e n o n e .
RR'C=Q* + AH RR'COH + A-
Yang d e m o n s t r a t e d  t h e  p o s s i b i l i t y  of i n t r a m o l e c u l a r  h y d ro g en
t r a n s f e r  in  a  s ix -m e m b e r ,  c y c l i c  t r a n s i t i o n  s t a t e  d i r a d l c a l  formed by
34th e  p h o to c h e m ic a l  e x c i t a t i o n  of t h e  C = 0  g r o u p .
H'
<a-0 ^ o m• I J i  J
The m ost  f a v o r a b l e  t r a n s i t i o n  s t a t e  for h y d ro g e n  t r a n s f e r  i s  
t h a t  of a  s i x - m e m b e r e d  r ing in  th e  c h a i r  form. For t h i s  r e a c t i o n ,  
t h e  r e a c t i v i t y  of t h e  h y d ro g e n  a tom  d e c r e a s e s  i n  t h e  o rd e r  t >  s  > p . ^
33 S -  G -  C o h e n ,  a n d  M .  N .  S i d d l a u l .  i b i d . , .8 6 , 5047 (1964) .
^ N .  C .  Y ang ,  A. M o r d u c h o w i t z , a n d  D .  H .  Y a n g ,  i b i d . . 85 
1017 (1963) .
^ K .  H e u s l e r ,  a n d j .  K a l v o d a , A n q e w . C h e m .  , 7 6 .  518 (1964) .
M any a ro m a t i c  a l d e h y d e s  a nd  k e t o n e s  do  n o t  u n d e rg o  p h o t o r e ­
d u c t i o n  w i th  t h e  u s u a l  h y d ro g e n  d o n o r s . Very s t r o n g  h y d ro g e n  d o n o rs  
m us t  b e  u s e d  w i th  t h e  d e r i v a t i v e s  of n a p h t h a l e n e  a n d  a n t h r a c e n e  in  
o rd e r  for h y d ro g en  t r a n s f e r  to  o c c u r .  ^ 6 The low r e a c t i v i t y  of t h e  a b o v e  
t r i p l e t s  i s  a s s o c i a t e d  w i th  t h e  f a c t  t h a t  t h e  l o w e s t  t r i p l e t  h a s  (p i* ,p i )  
r a t h e r  t h a n  (p i* ,n )  c o n f i g u r a t i o n .  The  (p i* ,n )  t r i p l e t  s t a t e  sh o u ld  be  
e s p e c i a l l y  r e a c t i v e  in  h y d ro g e n  a b s t r a c t i o n  a s  a  r e s u l t  of  th e  e l e c t r o n  
d e f i c i e n c y  a t  t h e  o x y g e n  a tom  to  w h i c h  t h e  h y d ro g e n  a to m  b e c o m e s  
b o n d e d .  The h y d ro g e n  do no r  may b e  t h e  s o l v e n t ,  a n o th e r  s o l u t e  m o le ­
c u l e ,  o r ,  i n  t h e  c a s e  of c e r t a i n  s u b s t i t u e n t s  in  t h e  o r tho  p o s i t i o n ,  
a n o t h e r  p a r t  of  t h e  s a m e  m o l e c u l e .  T he  p h o t o e n o l i z a t i o n  of m o l e c u l e s  
w i th  s u b s t i t u e n t s  c a p a b l e  of forming s i x - m e m b e r e d  r in g s  w i th  i n t r a ­
m o le c u la r  h y d ro g e n  b o n d in g  I n h ib i t s  t h e  p h o t o p l n a c o l i z a t i o n  r e a c t i o n  
of  s u b s t i t u t e d  b e n z o p h e n o n e s . S u ch  m o le c u l e s  a b s t r a c t  r e v e r s i b l y  a n
i n t e r n a l  h y d ro g e n  a tom  s o  t h a t  it  i s  u n a b le  to  a b s t r a c t  o ne  from an
37a l c o h o l i c  s o l v e n t .
e . P h o t o f i s s i o n :
E x am in a t io n  o f  t h e  e l e c t r o n i c  c o n f i g u r a t i o n s  for t h e  (p i* ,n )  
e x c i t e d  s t a t e  r e v e a l s  t h e  p o s s i b i l i t y  of tw o  f i s s i o n  p r o c e s s e s .  T h e s e
O C
G .  S .  H am m ond ,  a n d  P .  A. L e e r m a k e r s ,  T. Am. C h e m . S o c . . 
84., 207 (19 6 2 ) .
37 P i t t s ,  J o h n s o n  a n d  K u a w a n a ,  o p . c l t .
21
r e s u l t  from t h e  f ac t  t h a t  a n  e l e c t r o n  p a i r  or a n  odd  e l e c t r o n  may be
c o n s i d e r e d  a v a i l a b l e  on t h e  c a r b o n y l  c a r b o n  a to m .  The a n io n i c
p r o c e s s  i s  f av o re d  by p o l a r  m ed ia  a n d  h o m o ly s i s  i s  f a v o re d  in  th e
3 8g a s  p h a s e  a n d  in  n o n p o la r  m e d ia .
“ >c —  L " *  "  ~ ->C —  C<  >->c — '£<
!5 : o5ox ^  l°o
h o m o l y t i ^ /  f i s s i o n  a n io n i c  f i s s i o n
:.X.: >C =  C ( >C =  C<
y& :
One of  t h e  s i m p l e s t  e x a m p le s  of  th e  r e a c t i o n s  of t h e  (p i* ,n )  
e x c i t e d  s t a t e  i s  t h e  c l e a v a g e  of k e t o n e s  to  g iv e  a c y l  a n d  a lk y l  r a d i c a l s  
An i n c r e a s e  in  t h e  o v e r l a p  of th e  (py ) Orbita l  w i th  t h e  c o p l a n a r  (sp  ) 
o r b i t a l  bo nd ing  t h e  c a r b o n y l  c a r b o n  a tom  t o  t h e  a l k y l  g r o u p ,  R, t a k e s  
p l a c e  w h i l e ,  c o n c u r r e n t l y ,  th e  h y b r i d i z a t i o n  of t h e  c a r b o n y l  c a r b o n  
a tom  i s  p i c t u r e d  a s  c h a n g in g  to w a rd  sja u n t i l  t h e  a l k y l  r a d i c a l  i s  
r e l e a s e d  a n d  a n  a c y l  r a d i c a l  i s  g e n e r a t e d .
3 8 H .  E.  Z im m erm an ,  A d v a n c e s  i n  P h o to c h e m is t r y  ( e d i t e d  by  
W .  A. N o y e s  , J r . , G . S . Hammond a n d  J . N .  P i t t s  , J r .) V ol .  1^ 
I n t e r s c i e n c e  P u b l i s h e r s ,  New York (19 63 ) ,  198 .
II
EXPERIMENTAL PROCEDURE
The t r a n s i e n t  n a tu r e  of  t h e  e x c i t e d  s t a t e  s p e c i e s  a n d  i n t e r m e d i a t e s  
formed a s  a r e s u l t  of t h e  a b s o r p t i o n  of e l e c t r o m a g n e t i c  r a d i a t i o n  by 
m o l e c u l e s  m ade  i t  n e c e s s a r y  to  c o n d u c t  m ost  of t h e  s p e c t r o s c o p i c  
a n d  p h o t o c h e m i c a l  e x p e r i m e n t s  i n  r ig id  g l a s s y  o r g a n ic  m a t r i c e s  a t  
low t e m p e r a t u r e s .  The d e a c t i v a t i o n  of  e x c i t e d  s t a t e s  by e x t e r n a l  c o n ­
v e r s i o n  g e n e r a l l y  r e d u c e s  t h e  i n t e n s i t y  of f l u o r e s c e n c e  a n d  p r e v e n t s  t h e  
e a s y  o b s e r v a t i o n  of  p h o s p h o r e s c e n c e  from s o l u t i o n s  t h a t  a re  n e a r  room 
t e m p e r a t u r e .  For t h i s  r e a s o n ,  m os t  o f  t h e  f l u o r e s c e n c e s  a n d  a l l  of th e  
p h o s p h o r e s c e n c e s  w e r e  r e c o r d e d  a t  77°K in  r ig id  o rg a n ic  g l a s s e s .
A C a r y  M o d e l  14 d o u b l e  b e a m ,  d o u b le  m o n o ch ro m a to r ,  u l t r a v i o l e t -  
v i s i b l e - n e a r  i n f r a r e d  r e c o r d in g  s p e c t r o p h o t o m e t e r ,  a f t e r  s u i t a b l e  m o d i ­
f i c a t i o n s  , w a s  u s e d  to  r e c o r d  b o th  t h e  low t e m p e r a tu r e  a b s o r p t i o n  and  
th e  e m i s s i o n  s p e c t r a .  M o s t  of t h e  room  t e m p e r a tu r e  a b s o r p t i o n  s p e c t r a  
w e r e  r e c o r d e d  w i th  t h e  s p e c t r o p h o t o m e t e r  w h e n  it  w a s  in  i t s  norm al  
a r r a n g e m e n t .
A m o d i f i c a t io n  of t h e  m eth o d  d e v e l o p e d  p r e v i o u s ly  by  t h e  w r i t e r  
w a s  u s e d  to  o b t a i n  t h e  low t e m p e r a t u r e  a b s o r p t i o n  s p e c t r a . 1 The
1
L. H .  W i l l i a m s o n ,  M .  S .  T h e s i s ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  
B a to n  R o u g e ,  L o u i s i a n a ,  1962 ,  12.
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e a r l i e r  t e c h n iq u e  u t i l i z e d  a  round  q u a r t z  t u b e  to  c o n t a i n  t h e  sa m p le  
a n d  r e l i e d  upon  t h e  t h e rm a l  c o n d u c t iv i t y  of a  c o p p e r  s l e e v e  to  k e e p  
t h e  s o l v e n t  g l a s s  r i g i d .  The s u r f a c e  of t h e  l iq u id  n i t ro g e n  (UN) w a s  
m a in t a in e d  be lo w  t h e  s a m p le  in  o rd e r  to  e l i m in a t e  t h e  ve ry  " n o i s y "  
s i g n a l  w h i c h  r e s u l t e d  i f  t h e  m e a s u r in g  b e a m  p a s s e d  th ro u g h  t h e  
r a p id ly  b o i l in g  U N .  It w a s  found  t h a t  i t  i s  not  n e c e s s a r y  t o  p a s s  
th e  l ig h t  beam a b o v e  t h e  l iq u ld ~ g a s  i n t e r f a c e  in  o rder  to  o b t a i n  s a t i s ­
fac to ry  s p e c t r a .  W h e n  th e  d e w a r  a n d  t h e  s a m p le  c e l l  w e r e  q u i t e  c l e a n  
an d  f ree  of  m o is tu re  ( the  d e w a r  w a s  c l e a n e d  w i th  a c e t o n e  a n d  t h e  
s a m p le  c e l l  w i th  a  3 M .  H C l-50%  e th a n o l  c l e a n i n g  s o l u t io n ) ,  a  sh a rp  
t a p  of t h e  b o t to m  of t h e  d e w a r  a g a i n s t  a  t a b l e  to p  w a s  g e n e r a l l y  s u c ­
c e s s f u l  i n  c a u s i n g  t h e  c e s s a t i o n  of th e  U N  b o i l i n g .  It  w a s  t h e n  
p o s s i b l e  t o  m e a s u r e  a b s o r p t io n  s p e c t r a  th ro u g h  tw o  or  t h r e e  c e n t i ­
m e te r s  of U N .  W h i l e  in  t h i s  q u i e s c e n t ,  n o n - b o i l i n g  s t a t e ,  o c c a s i o n a l  
"bum ping"  o c c u r r e d  a s  a  r e s u l t  o f  t h e  U N  b e c o m in g  s u p e r h e a t e d .  
A l though  t h e  p h e n o m e n o n  s t a r t l e s  t h e  e x p e r i m e n t e r ,  it  u s u a l l y  r e s u l t e d  
on ly  in  c h a n g in g  t h e  a l i g n m e n t  of t h e  s a m p le  c e l l .  "Bumping" may b e  
p r e v e n te d  by in t ro d u c in g  a p i e c e  of s t r i n g  or so m e  s h a r p  e d g e  or po in t  
in to  t h e  U N  s l i g h t l y  a b o v e  or  t o  o n e  s i d e  of  t h e  l ig h t  p a t h .  T h is  
i n d u c e s  b o i l in g  w h i c h  I n c r e a s e s  t h e  h e a t  t r a n s f e r  s u f f i c i e n t l y  to  
p r e v e n t  t h e  s y s t e m  from b e c o m in g  s u p e r h e a t e d .  The im m e rs io n  of 
t h e  s a m p le  c e l l  in  t h e  c o o l a n t  a l l o w s  a  much lo n g e r  t im e  in  w h i c h  to  
com ple te ;  t h e  v a r i o u s  s p e c t r a l  s t u d i e s .
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A nother  d i f f ic u l ty  w i th  t h e  e a r l i e r  m ethod w h ic h  w a s  s u f f i c i e n t  to  
p r e c lu d e  q u a n t i t a t i v e  m e a s u r e m e n t s  w a s  t h e  r e f r a c t i o n  of t h e  l ig h t  b e a m  
by th e  s o l v e n t  g l a s s  in  t h e  round  s a m p le  t u b e .  As a r e s u l t ,  p o s i t io n in g  
of th e  s a m p le  tu b e  w a s  ve ry  c r i t i c a l .  The major  error  in  th e  s p e c t r a  
c a u s e d  by t h e  d e w a r  r e s u l t e d  from i t s  a b s o r p t io n  £ a .  250 mu ra th e r  
t h a n  from a f o c u s s i n g  e f f e c t . The u s e  of a l a rg e r  d i a m e te r  q u a r t z  
d e w a r ,  so  t h a t  t h i s  e f fec t  i s  r e d u c e d ,  g a v e  no n o t i c e a b l e  im provem ent  
in  t h e  m e th o d .  In f a c t ,  a s q u a r e  q u a r t z  d e w a r  g a v e  in fe r io r  r e s u l t s  
b e c a u s e  of d e f e c t s  i n  i t s  c o n s t r u c t i o n  w h ic h  m ade  i t  d i f f i c u l t  t o  s to p  
t h e  LIN b u b b l in g .  The q u a l i t y  of th e  d e w a r ,  b o th  i t s  c o n s t r u c t i o n  and  
t h e  g r a d e  of s i l i c a  u s e d ,  i s  more im p o r t a n t ,  from th e  s t a n d p o in t  of 
o b t a in in g  g o o d  s p e c t r a ,  t h a n  i s  i t s  g e o m e try  o r  s i z e .  T he re  i s  no 
d o u b t ,  h o w e v e r ,  t h a t  a  w e l l  c o n s t r u c t e d  s q u a r e  d e w a r  of h igh  q u a l i t y  
s i l i c a  w o u ld  h a v e  m ade  so m e  im p ro v e m e n t  in  t h e  t e c h n i q u e .  As a 
r e s u l t  of h a v in g  no r e f e r e n c e  s y s t e m ,  t h i s  e a r l i e r  m ethod  w a s  l im i te d ,  
in  g e n e r a l ,  t o  w a v e l e n g t h s  lo n g e r  t h a n  25 0 mu.
F u r th e r  d e v e lo p m e n t  l e d  to  a  m ethod  w h ic h  y i e l d s  e x c e l l e n t  
low t e m p e r a t u r e  a b s o r p t i o n  s p e c t r a ;  i t  u t i l i z e s  a ve ry  s im p le  s y s t e m  
a n d  r e q u i r e s  a r e l a t i v e l y  e a s y  e x p e r i m e n t a l  t e c h n i q u e .  It  i s  a  d o u b le  
b e a m  t e c h n i q u e ,  m aking  u s e  of  tw o  n e a r ly  I d e n t i c a l  d e w a r - s q u a r e  c e l l -  
s o l v e n t  s y s t e m s . The u s e  of i d e n t i c a l  s a m p le  c e l l s  a n d  LIN f i l l e d  
d e w a r s  i n  b o th  t h e  s a m p le  a n d  t h e  r e f e r e n c e  c o m p a r tm e n ts  of t h e  
s p e c t r o p h o t o m e t e r  c o r r e c t s  th e  s p e c t r u m  for t h e  a b s o r p t i o n  of th e
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q u a r tz  d e w a r  and  t h e  s a m p le  c e l l .  The  LIN in  t h e  d e w a r  a n d  th e  s o l v e n t  
in  t h e  s a m p le  c e l l  on  t h e  r e f e r e n c e  s i d e  c o m p e n s a t e  for  t h e  a b s o r p t io n  
and  s c a t t e r  of l i g h t  by t h e s e  l i q u i d s .
The u s e  of f l a t - s u r f a c e d  1 c m .  r e c t a n g u l a r ,  q u a r t z  a b s o r p t io n  
c e l l s  (Beckman s t a n d a r d  s i l i c a — for u s e  in  t h e  220 to  2500 mu range)  
e l i m i n a t e s  t h e  d i s t o r t i o n  a n d  r e f r a c t i o n  of t h e  l ig h t  b e am  w h i c h  r e s u l t s  
w h e n  round  q u a r t z  s a m p le  t u b e s  a re  u s e d .  The d i f f ic u l ty  of o b ta in in g  
t h e  p roper  c o n c e n t r a t i o n  for r a p id  q u a l i t a t i v e  low t e m p e r a tu re  a b s o r p t io n  
s p e c t r a  i s  h a n d le d  q u i t e  e a s i l y  w i th  t h i s  s y s t e m .  W i th  t h e  a b s o r p t io n  
c e l l s  in t h e i r  no rm al  c e l l  h o l d e r s ,  t h e  c o n c e n t r a t i o n  d e s i r e d  i s  s e l e c t e d  
a f t e r  a l l o w in g  for t h e  i n c r e a s e  In a b s o r b a n c y  upon  c o o l in g  w h i c h  i s  
d ue  to  t h e  v o lu m e  c o n t r a c t i o n  o f  t h e  s o l v e n t  g l a s s  (an e f f e c t i v e  i n c r e a s e  
in  c o n c e n t r a t i o n ) . An a d d i t i o n a l  a d v a n t a g e  of th e  o p t i c a l  un i fo rm ity  of 
th e  s a m p le  c e l l  i s  t h e  a b i l i t y  to  o b t a i n  r e p r o d u c i b l e  q u a n t i t a t i v e  
a b s o r b a n c e  v a l u e s . The d e t e r m i n a t i o n  of t h e  e x a c t  p a th  l e n g th  a n d  
c o n c e n t r a t i o n  a t  77°K w o u ld  d e p e n d  u po n  know ing  t h e  n e c e s s a r y  
t e m p e r a tu r e  d e p e n d e n t  c o e f f i c i e n t s  of t h e  s y s t e m .
The s u s p e n s i o n  of t h e  s a m p le  c e l l  in  t h e  L IN -d e w a r  s y s t e m  w a s  
a c c o m p l i s h e d  by  m e a n s  of  a  l e n g t h  o f  Py rex  rod w h i c h  w a s  f u s e d  t o  th e  
g ro u n d  g l a s s  s to p p e r  c i  t h e  c e l l .  T h is  a r r a n g e m e n t  i s  sh o w n  in  F igure  1. 
The c e l l  i s  h e ld  f irmly to  t h e  s t o p p e r  by  a  1 /2  in c h  l e n g t h  o f  Tygon 
tu b in g  w h ic h  i s  s p l i t  for h a l f  i t s  l e n g t h .  The Py rex  rod i s  i n s e r t e d  in  
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w e r e  s u p p o r t e d  in  t h e  c e n t e r  of t h e i r  r e s p e c t i v e  c o m p a r tm e n ts  by  m e a n s  of  
tw o  s p e c i a l l y  c o n s t r u c t e d  p l a t e s  w h i c h  r e p l a c e d  t h e  l i d s  of  t h e  tw o  
c o m p a r tm e n t s .  Two l i g h t - t i g h t  c y l i n d r i c a l  l ig h t  s h i e l d s  w e r e  p l a c e d  
o ve r  t h e  to p  of t h e  a s s e m b l y  to  p re v e n t  t h e  e n t r a n c e  o f  s t r a y  room l i g h t .
A d ju s tm en t  of  t h e  p o s i t i o n  of t h e  c e l l  s o  t h a t  i t s  s u r f a c e s  w e r e  
p e r p e n d i c u l a r  to  a n d  c e n t e r e d  in  t h e  l ig h t  p a th  w a s  a c c o m p l i s h e d  by 
p a s s i n g  a beam  o f  v i s i b l e  l ig h t  ( c a . 540 mu) t h ro u g h  th e  c e l l  and  making 
th e  n e c e s s a r y  a d j u s t m e n t s .
C o n d e n s a t i o n  of m o is tu r e  a n d  i c e  on  t h e  o u t e r  s u r f a c e s  of th e  
d e w a r  w a s  p r e v e n t e d  by  m a in ta in in g  a n  a tm o s p h e r e  of  dry n i t r o g e n  in  
t h e  c o m p a r t m e n t s .  Dry n i t r o g e n  from a g a s  c y l i n d e r ,  c o n t r o l l e d  by  a 
p r e s s u r e  r e g u l a t o r  a n d  d i s t r i b u t e d  by  m e a n s  o f  a  m an i fo ld  to  t h e  g a s  
i n l e t s  of  t h e  s a m p le  a n d  r e f e r e n c e  c o m p a r t m e n t s ,  w a s  f l u s h e d  th ro ug h  a t  
an  i n i t i a l l y  h ig h  flow r a t e  (6 to  8 l i t e r s  p e r  m inute)  t o  p u rg e  m o is tu re  
from t h e  s y s t e m ,  A lo w e r  f low r a t e  (a round  4 l i t e r s  p e r  minute)  w a s  
t h e n  s u f f i c i e n t  t o  p re v e n t  t h e  c o n d e n s a t i o n  o f  m o is tu r e  on  t h e  d e w a r  
s u r f a c e s .
The c h o i c e  of s o l v e n t  g l a s s  for  u s e  a t  7 7 ° K in  t h e  r e c t a n g u l a r  
a b s o r p t i o n  c e l l  w a s  found  t o  b e  i m p o r t a n t .  The g l a s s  s h o u ld  not  c o n ­
t r a c t  e x c e s s i v e l y  or  h a v e  a  t e n d e n c y  t o  c r y s t a l l i z e  w h e n  c o o l e d  t o  U N
t e m p e r a t u r e .  The  s o f t n e s s  of t h e  g l a s s  d e p e n d s ,  t o  so m e  e x t e n t ,  up o n
o
how c l o s e  t h e  s o l i d i f i c a t i o n  t e m p e r a t u r e  of  t h e  g l a s s  i s  t o  77 K. The 
low s o l i d i f i c a t i o n  t e m p e r a t u r e  m ust  b e  a s s o c i a t e d  w i t h  a  b o i l in g
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t e m p e r a tu re  s u f f i c i e n t l y  a b o v e  room t e m p e r a tu r e  to  make  t h e  h a n d l in g  
of t h e  s o l u t i o n s  u n d e r  t h e s e  c o n d i t i o n s  no t  to o  d i f f i c u l t .  T h o se  g l a s s e s  
w h ic h  c o n t r a c t  g r e a t l y  u po n  c o o l in g  form a c o n i c a l  c o n c a v i t y  dow n th e  
c e n t e r  of t h e  c e l l  w h i c h  d i s r u p t s  t h e  l ig h t  t r a n s m i s s i o n  on  t h e  g l a s s .  
E x c e s s i v e  c o n t r a c t i o n  a nd  c r y s t a l l i z a t i o n  a l s o  i n t r o d u c e s  s t r e s s e s  in to  
t h e  c e l l  an d  g r e a t l y  I n c r e a s e s  t h e  c h a n c e  of  b r e a k in g  t h e  c e l l  w h e n  it  i s  
w a r m e d .  W h e n  t h e  p rop er  s o l v e n t  g l a s s  i s  c h o s e n  an d  w h e n  the  g l a s s  i s  
a l l o w e d  to  mel t  a n d  e x p a n d  s l o w l y ,  no o th e r  p r e c a u t i o n s  a r e  n e c e s s a r y  
to  p r e v e n t  b re a k in g  t h e  c e l l .  The n o n - p o l a r  m i x e d - s o l v e n t ,  IPM P, w a s  
found to  form a g l a s s  w i th  t h e s e  s a t i s f a c t o r y  p r o p e r t i e s .  The c o m p o s i ­
t io n  of  t h i s  g l a s s - f o r m i n g  s o l v e n t  i s  g i v e n  b e lo w .
The s tu d y  of  t h e  w a v e l e n g t h  sh i f t  of c e r t a i n  a b s o r p t i o n  b a n d s  
w h e n  t h e  t e m p e r a t u r e  i s  c h a n g e d  from room t o  LIN t e m p e r a t u r e  ( th is  
t y p e  of t e m p e r a t u r e  d e p e n d e n t  w a v e l e n g th  s h i f t  w i l l  b e  r e f e r r e d  to  a s  
a " c ry o c h ro m ic "  sh i f t )  w a s  a c c o m p l i s h e d  by  s c a n n i n g  t h e  a b s o r p t i o n  
s p e c t r u m  r e p e t i t i v e l y  a s  t h e  f r o z e n  s a m p le  w a rm e d  s l o w l y .  The 
r e p e t i t i v e  s c a n  a c c e s s o r y  of t h e  C a ry  14 w a s  u s e d  to  a u to m a t i c a l l y  
r ec o rd  t h e  s p e c t r u m  o f  t h e  s lo w ly  w arm ing  s o l v e n t  g l a s s  a t  un iformly  
s p a c e d  t im e  i n t e r v a l s .  The s c a n n i n g  w a s  b e g u n  b e fo r e  t h e  l e v e l  of 
t h e  LIN h a d  f a l l e n  b e lo w  th e  a b s o r p t io n  b e a m .  As t h e  LIN l i q u i d - g a s  
i n t e r f a c e  d ro p p ed  b e lo w  t h e  b e a m ,  t h e  n o i s e  i n  t h e  r e c o r d e d  s p e c t r a  
due  to  t h e  b o i l in g  LIN s u d d e n ly  s t o p p e d  a n d  th e  w a rm in g  o f  th e  
s a m p le  b e g a n .
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The t e c h n i q u e s  a n d  e q u ip m e n t  u s e d  in  t h e s e  l a b o r a t o r i e s  to
r e c o r d  th e  e m i s s i o n  s p e c t r a  a r e  d e s c r i b e d  in  d e t a i l  by W h a r t o n ,
2 , 3  , 4 , 5
W i l l i a m s o n ,  Kuo a n d  H a r r i s .  A d o u b le  b l a d e  p h o s p h o r o s c o p e
w h i c h ,  by m ea n s  of o f f s e t  s l i t s  in  c o . -a x la l  d i s k s ,  a l t e r n a t e l y  e x p o s e s  
th e  s a m p le  t o  t h e  e x c i t i n g  l i g h t ,  (1000 w a t t  G . E .  A - H 6 m ercu ry  a r c ) ,  
a n d  t h e n  e x p o s e s  t h e  e m i t t in g  s a m p le  t o  th e  s p e c t r o p h o t o m e t e r ,  w a s  
u s e d  to  s e p a r a t e  t h e  r e l a t i v e l y  l o n g - l i v e d  p h o s p h o r e s c e n c e  from th e  
s h o r t - l i v e d  f l u o r e s c e n c e .  The f l u o r e s c e n c e  a n d  t o t a l  e m i s s i o n  s p e c t r a  
w e r e  o b t a i n e d  by m e a n s  o f  t h e  f ront  s u r f a c e  i l l u m in a t io n  a p p a r a t u s  d e ­
v e l o p e d  by H a r r i s  a n d  t h e  w r i t e r .  A m od if ied  P e rk in  Elmer M o d e l  12 
M o n o c h ro m a to r  w a s  u s e d  in  c o n ju n c t i o n  w i th  a  1000 w a t t  x e n o n  a rc  
to  f u r n i s h  m o n o ch ro m at ic  e x c i t a t i o n  r a d i a t i o n  for s o m e  of t h e s e  s t u d i e s . 
For t h e  e m i s s i o n  s t u d i e s ,  t h e  p h o s p h o r o s c o p e  or t h e  t o t a l  e m i s s i o n  
a p p a r a t u s  r e p l a c e d  t h e  t u n g s t e n  v l s i b l e - I R  l ig h t  s o u r c e  on  t h e  b a c k  
of t h e  C a r y .  T h e s e  a r r a n g e m e n t s  a re  i n d i c a t e d  s c h e m a t i c a l l y  in  
F ig u re  2 .  The C a r y  w a s  o p e r a t e d  in  t h e  t o t a l  e n e r g y ,  s i n g l e  b eam  
r e f e r e n c e  mode w i th  t h e  s p e c t r a  r e c o r d e d  w i th  u s e  of t h e  p e r c e n t  
t r a n s m i s s i o n  s l i d e  w i r e .
2J .  H .  W h a r t o n ,  P h . D .  D i s s e r t a t i o n ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  
Ba ton  R o u g e ,  L o u i s i a n a ,  1962 .
^ W i l l i a m s o n ,  o p . c i t .
4
Jang Kuo, M .  S .  T h e s i s ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  Ba ton  
R o u g e ,  L o u i s i a n a ,  1963 .
^ J .  L. H a r r i s ,  P h . D .  D i s s e r t a t i o n ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  
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The p h o t o l y s i s  a n d  p h o to c h ro m is m  s t u d i e s  w e r e  c o n d u c t e d  in  
s y s t e m s  s i m i l a r  t o  t h o s e  r e p o r t e d  by Norman a nd  Porter,** The 
pr imary  p h o t o l y s i s  p r o d u c t s  ( free  r a d i c a l s ,  p h o t o - e j e c t e d  e l e c t r o n s ,  
i o n s ,  e t c . )  a r e  t r a p p e d  a n d  s t a b i l i z e d  in  th e  r i g id  low t e m p e r a tu r e  
l a t t i c e  of t h e  s o l v e n t  g l a s s . The f a c t o r s  a f f e c t i n g  t h i s  s t a b i l i z a t i o n  
w i l l  b e  d i s c u s s e d  in  a  l a t e r  s e c t i o n .
The a b s o r p t i o n  s p e c t r a  o f  t h e  p r imary  p h o t o c h e m i c a l  p r o d u c t s  
p ro d u c e d  by  t h e  i r r a d i a t i o n  at  low t e m p e r a tu r e  w e r e  o b t a i n e d  by  m ea n s  
of t h e  a p p a r a t u s  d e s c r i b e d  a b o v e .  The i r r a d i a t i o n  o f  t h e  s a m p le  c o n ­
s i s t e d  of  from f iv e  t o  th i r ty  m in u te s  e x p o s u r e  to  t h e  fu l l  s p e c t r a l  o u tp u t  
of a 1000 w a t t  G e n e r a l  E le c t r i c  A - H 6 h ig h  p r e s s u r e  m ercury  a r c .  The 
s p e c t r a  r e c o r d e d  w e r e  t h e  RTAS (room t e m p e r a tu r e  a b s o r p t io n  s p e c t r u m ) , 
t h e  LTAS (low t e m p e r a t u r e  a b s o r p t io n  s p e c t r u m ) , ILTAS ( i r r a d ia t e d  low 
t e m p e r a t u r e  a b s o r p t i o n  sp ec t rum --R TA S a f t e r  t h e  s a m p le  w a s  i r r a d i a t e d  
a t  77°K).  This  l a t t e r  s p e c t r u m  m ade  it p o s s i b l e  t o  i n f e r  s o m e th in g  of 
t h e  r e v e r s i b i l i t y  of t h e  p h o t o c h e m i c a l  r e a c t i o n s  a n d  to  I d e n t i f y ,  t o  
som e  d e g r e e ,  t h e  p r o d u c t s  of  t h e  s e c o n d a r y  r e a c t i o n s .
In a d d i t i o n  t o  t h e  n o n - p o l a r  m ixed  h y d r o c a r b o n  s o l v e n t ,  IPM P,  
m e n t io n e d  p r e v i o u s l y ,  o th e r  s o l v e n t s  w h i c h  formed t r a n s p a r e n t  g l a s s e s  
a t  LIN t e m p e r a t u r e  w e r e  3 - M P ,  P H ,  a n d  t h e  p o la r  m ixed  s o l v e n t ,  EPA. 
The c o m p o n e n t s  a n d  t h e i r  p ro p o r t io n s  in  t h e s e  s o l v e n t s  a re  a s  f o l lo w s :
**J. Norm an a n d  G .  P o r t e r ,  P r o c . of  Royal  S o c .  , A 2 3 0 ,  399
(1955) .
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IPMP i s o p e n t a n e ,  3 - m e t h y l p e n t a n e  6:1
PH m e t h y l c y c l o h e x a n e , m e t h y l -  1:1
c y c l o p e n t a n e
EPA i s o p e n t a n e ,  e t h e r ,  e t h a n o l  5 :5:2
3 -M P  3 - m e t h y l p e n t a n e ;  s i n g l e
co m p o n e n t  s o l v e n t
The c o n c e n t r a t i o n s  found  s u i t a b l e  for  m ost  of t h e  e x p e r im e n t s
w e r e  c a .  10"^ t o  10“^ m o la r .  W h e n  i t  w a s  n e c e s s a r y  to  e x c l u d e  o x y g e n
from t h e  s y s t e m ,  a s e a l e d  d e g a s s e d  s a m p le  w a s  p r e p a r e d .  The p r o c e -
— fid ure  i n v o lv e d  f r e e z in g  t h e  s a m p l e ,  e v a c u a t i n g  t o  c a .  10 mm H g ,  
i s o l a t i n g  of t h e  s a m p le  from th e  v a c u u m  s y s t e m  by m e a n s  of a  s t o p ­
c o c k , a n d  rem ov ing  t h e  LIN, and  a l lo w in g  th e  s a m p l e  t o  m e l t .  This  
c y c l e  w a s  r e p e a t e d  th r e e  or  four t i m e s  u n t i l  t h e r e  w a s  no e v i d e n c e  of 
t h e  e v o lu t io n  of d i s s o l v e d  g a s  upon  t h e  m el t ing  of t h e  s a m p le  und e r  
v a c u u m .  A p r o p a n e  to rc h  w a s  t h e n  u s e d  to  s e a l  t h e  f r o z e n  s a m p le  
u n d e r  v a c u u m .
The h y d ro c a rb o n  s o l v e n t s  w h ic h  w e r e  u s e d  to  form low t e m p e r a ­
t u r e  g l a s s e s  w e r e  p u r i f ie d  by a  fuming s u l f u r i c  a c i d  m ethod  d e v e l o p e d
by  N au m an  a n d  l a t e r  d e s c r i b e d  by P o t t s  w i th  a d d i t i o n a l  m o d i f i c a t io n  in  
7 8t h i s  l a b o r a t o r y .  ' In to  a  tw o  l i t e r ,  t h r e e  n e c k ,  ro u n d  bo t to m  f l a s k  
w a s  i n t r o d u c e d  1 .5  l i t e r s  of  t h e  c o m m e r c i a l  g r a d e  s o l v e n t .  To t h i s  
w a s  a d d e d  0 . 5  pou n d  (1 /2  a b o t t l e )  of fuming s u l f u r i c  a c i d ,  a n d  th e
7
R. V. N a u m a n ,  P h . D .  D i s s e r t a t i o n ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  
(B e rk e ley ) ,  1947.
®W. J .  P o t t s ,  Tr . ,  T. C h e m . Phvs  . . 21 ,  191 (1953) .
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f la sk  w a s  s t i r r e d  v i g o r o u s ly  w i th  a  T ef lon  s t i r r e r  for  four h o u r s .  The 
s p e n t  a c i d  w a s  rem o v e d  v i a  a  d ra in  s t o p c o c k  on  t h e  b o t to m  of t h e  
f l a s k  and  a new c h a r g e  of a c i d  w a s  a d d e d .  After  s t i r r in g  for an  
a d d i t i o n a l  four  h o u r s ,  t h e  h y d ro ca rb o n  l a y e r  w a s  w a s h e d  w i th  d i s ­
t i l l e d  w a t e r ,  n e u t r a l i z e d  s e v e r a l  t im e s  w i th  s a t u r a t e d  so d iu m  c a r b o n a t e  
s o l u t i o n  a n d  r i n s e d  th r e e  or four t im e s  w i t h  d i s t i l l e d  w a t e r .  The s o l v e n t  
w a s  d r i e d  for a minimum of tw e n ty  h o u r s  o v e r  a n h y d ro u s  m a g n e s iu m  
s u l f a t e  a n d  t h e n  d i s t i l l e d  by m ean s  of a  g l a s s  p a c k e d  c o lu m n .  The 
so lv e n t  w a s  s t o r e d  in  g l a s s  s to p p e r e d  b o t t l e s  u n t i l  u s e d .  U s in g  t h i s  
p r o c e d u r e ,  so m e  s o l v e n t s  w e r e  u s e a b l e  t o  w a v e l e n g t h s  a s  low a s  
190 mu.
M a l l in c k r o d t  A n a ly t i c a l  R e a g e n t  a n h y d ro u s  e th y l  e t h e r ,  c e r t i f i e d  
t o  c o n t a i n  l e s s  t h a n  5 x 10“^% a ld e h y d e  a n d  l e s s  t h a n  5 x  10~^% 
p e r o x i d e ,  w a s  u s e d  in  t h e  EPA. The U . S . I .  R e ag e n t  Q u a l i t y  ( U .S .  
P . - N . F . )  pure  a b s o l u t e  e th y l  a l c o h o l  u s e d  w a s  found  to  b e  c o n ­
t a m i n a t e d  w i th  t r a c e  a m o u n ts  of b e n z e n e  w h i c h  d id  not  i n t e r f e r e  
w i th  d o u b le  b e am  a b s o r p t io n  m e a s u r e m e n t s  or w i th  t h e  e m i s s i o n s  
r e p o r t e d .  C h e m i c a l  g r a d e  95% e th a n o l  w a s  u s e d  in  so m e  of t h e  
s t u d i e s  c o n d u c t e d  a t  room t e m p e r a t u r e . A lso  u s e d  for t h e  room 
t e m p e r a tu r e  s p e c t r a  w e r e  M a t h e s o n  C o l e m a n  an d  Bell  S p e c t r o q u a l i t y  
R eag e n t  g r a d e  c y c l o h e x a n e  a n d  i s o - p r o p y l  a l c o h o l .
S a l i c y l a l d e h y d e  from t h e  b i s u l f i t e  c o m p o u n d ,  m e th y l  b e n z o a t e ,  
a n d  3 ' - h y d r o x y a c e t o p h e n o n e  w e r e  t h e  r e a g e n t  g r a d e  c h e m i c a l s  from
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M a t h e s o n  C o le m a n  a n d  B e l l .  o - M e t h o x y b e n z a l d e h y d e  , o - h y d r o x y -  
a c e t o p h e n o n e , I s o -p r o p y l  b e n z o a t e ,  n - b u t y l  s a l i c y l a t e ,  e th y l  
s a l i c y l a t e ,  a n d  p h e n y l  b e n z o a t e  w e r e  th e  " red  l a b e l "  p r o d u c t s  of 
E a s tm a n  O r g a n ic  C h e m i c a l s . P h e n y l  b e n z o a t e  w a s  fu r th e r  p u r i f i e d  
by  r e c r y s t a l l i z a t i o n  s e v e r a l  t im e s  from 95% e t h a n o l .  S a l o l  (phenyl  
s a l i c y l a t e ) , TBS (t_-butyl s a l o l ) , DBR (d ib e n z o y l r e s o r c in o l )  a nd  HCB 
( 5 - c h l o r o - 2 - h y d r o x y b e n z o p h e n o n e )  w e re  t h e  c o m m e rc ia l  g r a d e  c h e m ic a l  
f u r n i s h e d  by Dow C h e m i c a l  C o m p a n y .  It  w a s  n e c e s s a r y  to  z o n e  r e f in e  
th e  TBS a n d  t h e  HCB w i th  ca..  f i f ty  p a s s e s  on  a  F i s h e r  Z one  R e f in e r .  
S a lo l  a n d  DBR w e r e  r e c r y s t a l l i z e d  t w i c e  from 95% e th y l  a l c o h o l .  
B e n z a l d e h y d e , m ethy l  s a l i c y l a t e ,  a n d  p h e n y l  a c e t a t e  w e r e  d i s t i l l e d  
to  i n s u r e  p u r i t y .  S a l i c y l i c  a c i d  w a s  e x t e n s i v e l y  z o n e  r e f in e d  b e fo re  
u s e .
All o th e r  r e a g e n t s  u s e d ,  ( c o n e .  HC1, N a O H , e t c . )  may  b e  
a s s u m e d  to  be  of t h e  h i g h e s t  p u r i ty  r e a d i ly  a v a i l a b l e .  In g e n e r a l ,  




The s p e c t r o s c o p i c  i n v e s t i g a t i o n s  r e p o r t e d  h e r e i n  w e r e  i n i t i a t e d  
in  o rder  to  c o r r e l a t e  and  e x p l a i n  t h e  s p e c t r o s c o p i c  a n d  p h o to c h e m ic a l  
b e h a v io r  of c e r t a i n  a ro m a t ic  c a r b o n y l  s y s t e m s ,  n o ta b ly  t h e  " c o n j u g a te d  
c h e l a t e "  s y s t e m .  The p h e n o m e n a  r e p o r te d  a re  r e l a t e d  t o  t h e  p r o p e r t i e s  
of th e rm o ch ro m ism  a n d  p h o to c h ro m is m  w h ic h  h a v e  b e e n  s t u d i e d  e x t e n ­
s i v e ly  in  d i f f e r e n t ,  but  n e v e r t h e l e s s ,  s im i l a r  s y s t e m s .  P h o to c h ro m ism ,  
(or p h o t o t r o p y ) , t h e  r e v e r s i b l e  a p p e a r a n c e  or c h a n g e  in  the  c o lo r  of  
c o m p o u n d s  i n d u c e d  by  u l t r a v io l e t  l i g h t ,  gam m a r a y s  or e l e c t r o n s ,  i s
th e  s u b j e c t  of  a  r e c e n t ,  e x c e l l e n t  r ev ie w  by Exelby  and  a n  e a r l i e r
1 , 2r e v ie w  by  Brown. T herm ochrom ism  h a s  b e e n  d e f i n e d  o p e r a t io n a l ly  
a s  an  e a s i l y  n o t i c e a b l e ,  r e v e r s i b l e  c o lo r  c h a n g e  in  t h e  t e m p e r a t u r e  
ra n g e  l im i te d  by  t h e  b o i l in g  p o in t  o f  e a c h  l iq u id  co m p o u n d  a s  t h e  u p p e r  
t e m p e r a t u r e ,  th e  b o i l in g  p o in t  of t h e  s o l v e n t  for s o l u t i o n s ,  or  t h e  
m el t ing  p o in t  for  s o l i d s .  T h is  t o p i c  i s  t h e  s u b j e c t  of  a n  e x t e n s i v e
3
re v ie w  by  D a y .
*R. E x e lb y ,  a nd  R. G r l n t e r ,  C h e m .  R e v . ,  65., 247 (196 5 ) .
2
G .  H .  Brown, a n d W .  G .  S h a w ,  R e v . Pure  Ap p I . C h e m . ,  11 
2 (1961) .
^J .  H .  D a y ,  C h e m .  R e v . . 63 , 65 (1963) .
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In t h e  c r y s t a l l i n e  s a l i c y l i d e n e  a n i l i n e s ,  (or a n i l s ) ,  p h o to ch ro m ism
and  th e rm o c h ro m ism  a re  m u tua l ly  e x c l u s i v e  p r o p e r t i e s .  A ccord ing  to
4
C o h e n  a n d  S c h m id t ,  th e rm o c h ro m ism  i n v o l v e s  a n  i n t r a m o l e c u l a r  p ro to n  
sh i f t  t o  t h e  q u in o n o id  tau to m e r ;  t h i s  sh i f t  o c c u r s  both in  th e  g ro un d  
s t a t e  a n d  e x c i t e d  s t a t e .  In t h e  p h o to c h ro m ic  p r o c e s s  t h e  p ro to n  s h i f t  
o c c u r s  in  t h e  e x c i t e d  s t a t e .  They c o n s i d e r  t h e  o - h y d r o x y l  g ro u p  to  be  
of g r e a t  i m p o r t a n c e  in  bo th  p h o to t r o p ic  a n d  th e rm o c h ro m ic  b e h a v i o r .  
Thei r  e a r l i e r  work  s h o w e d  t h a t  in  r ig id  g l a s s y  s o l u t i o n  a l l  a n i l s  
d e r i v e d  from s a l i c y l a l d e h y d e  a n d  s u b s t i t u t e d  s a l i c y l a l d e h y d e s  a re  
p h o to c h r o m ic ,  w h e t h e r  in c r y s t a l  form or n o t .  The a u th o r s  s u g g e s t  
t h a t  p h o to t ro p y  i s  a  p rop e r ty  of th e  i s o l a t e d  a n i l  m o le c u le  in  a n  
a rb i t r a ry  r ig id  m a t r ix  a n d  p h o to t ro p ic  c r y s t a l s  a r e  a  su b g ro u p  of t h i s  
g e n e r a l  c a s e .  C o h e n  a nd  S ch m id t  c o n s i d e r  t h a t  t h e  r e q u i r e m e n t s  for 
a p h o to t ro p ic  s y s t e m  a re :  (1) a n o n c o lo re d  form I ,  (2) a  c o lo r e d  form II 
g e o m e t r i c a l l y  v e ry  s im i l a r  t o  I but  of h ig h e r  e n e r g y  and  r e a d i ly  c o n ­
v e r t e d  in to  i t ,  a n d  (3) a  c o lo r e d  form III g e o m e t r i c a l l y  d i f f e r e n t  from 
II a nd  r e q u i r in g  a p p r e c i a b l e  a c t i v a t i o n  e n e r g y  t o  a l lo w  c o n v e r s i o n  
in to  I I .  T h e s e  forms a re  p r e s e n t e d  b e l o w ,  a n d  i t  i s  e v id e n t  t h a t  
s im i l a r  fo rm s a re  a l s o  a v a i l a b l e  for  t h e  s y s t e m s  o f  ou r  i n t e r e s t ,  t h e  
o - h y d r o x y - s u b s t i t u t e d  a ro m a t i c  c a r b o n y l  c o m p o u n d s .
^ M .  D .  C o h e n ,  a n d  G . M .  J .  S c h m id t ,  T. P h y s . C h e m .  , 6 6 , 
2442 (1962) .
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II ,  c l s - q u i n o i d
I , b e n z e n o i d
I I I ,  t r a n s - q u i n o i d
More  r e c e n t  work  by C o h e n  a n d  c o - w o r k e r s  c o n f i rm ed  e a r l i e r  
r e s u l t s  t h a t  t h e r e  w a s  no c h a n g e  in  in f r a r e d  s p e c t r a  a n d  X - ra y  d i f f r a c -
p h e n o m e n o n  of p h o to t ro p y  i s  l a r g e ly  t o p o c h e m i c a l ly  d o m in a te d  s i n c e  
no c o r r e l a t i o n  e x i s t s  b e t w e e n  p h o t o s e n s i t i v i t y  a n d  t h e  c h e m i c a l  n a tu re  
of t h e  r in g  s u b s t i t u e n t s  a n d  s i n c e  p o ly m o rp h ic  forms of a  g iv e n  a n i l  
d i f f e r  m arked ly  in  l ig h t  s e n s i t i v i t y .
The m e c h a n i s m  r e s p o n s i b l e  for th e rm o c h ro m ism  v a r i e s  w i th  
m o le c u la r  s t r u c t u r e .  It  may be  d u e  to  a n  e q u i l ib r iu m  b e t w e e n  tw o  
m o le c u la r  s p e c i e s ,  a c i d - b a s e ,  k e t o - e n o l ,  l a c t i m - l a c t a m ,  b e tw e e n  
s t e r e o i s o m e r s  or b e t w e e n  c r y s t a l  s t r u c t u r e s . It  may b e  d u e  to  a 
s im p le  b r o a d e n in g  o f  a  n e a r  u l t r a v io l e t  a b s o r p t i o n  c u r v e ,  to  r ing
5 C o h e n ,  H e r s h b e rg  , a n d  S c h m i d t , T. C h e m . S o c . , 2051 (19 6 4 ) .
6 C o h e n ,  H e r s h b e r g ,  a n d  S c h m id t ,  i b i d .  , 2 0 6 0 .
5 fit i o n  p a t t e r n  a f t e r  i r r a d i a t i o n .  It w a s  a l s o  c o n c l u d e d  t h a t  th e
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o p e n i n g ,  to  th e r m a l  a c h i e v e m e n t  of a t r i p l e t  s t a t e  c o n f i g u r a t i o n ,  or to  
t h e  fo rm at ion  of f ree  r a d i c a l s  .
H i r sh b e rg  a n d  F i s h e r  i n v e s t i g a t e d  t h e  r e l a t i o n  b e t w e e n  p h o t o -  
c h ro m ism  and  th e rm o ch ro m ism  for a s e r i e s  of b e t a - n a p h t h o s p l r o p v r a n s  
an d  t h e i r  3 -  a n d  3 ' - s u b s t i t u t e d  d e r i v a t i v e s  and  found  t h a t  t h e  t h e r m o -
ch rom ic  a n d  p h o to c h ro m ic  fo rm s ,  (with i r r a d i a t i o n  a t  - 1 1 5 ° ) ,  a re
8 9a p p a r e n t l y  s p e c t r o s c o p i c a l l y  i d e n t i c a l .  ' They c o n c l u d e d  t h a t  t h o s e
c o m p o u n d s  w h ic h  a re  p h o to ch ro m ic  but  not  th e rm o c h ro m ic  r e q u i r e  to o
much e n e r g y  to  b e  fo rm ed t h e r m a l l y ,  and  t h a t  t h o s e  c o m p o u n d s  of  t h i s
ty p e  w h ic h  a re  n e i t h e r  p h o to ch ro m ic  nor th e rm o ch ro m ic  a re  s o  for r e a s o n s
of s t e r i c  h i n d r a n c e .  They p o s t u l a t e d  t h a t  p h o t o c o n v e r s i o n  in to  t h e
c o lo r e d  form i n v o l v e s  a t r a n s i t i o n  b e t w e e n  e x c i t e d  s t a t e s  of t h e  tw o
m o d i f i c a t i o n s ,  fo l lo w e d  by a f r e e z i n g - i n  of  th e  c o lo r e d  f o rm .* ^
T h is  m e c h a n i s m  i s  b a s i c a l l y  th e  s a m e  a s  t h a t  p r o p o s e d  by Mims
to  e x p la in  th e  d e la y  in  t h e  a p p e a r a n c e  of th e  p h o s p h o r e s c e n c e  of
s a l i c y l a l d e h y d e  upon  i r r a d i a t i o n  a t  77°K in  g l a s s y ,  h y d ro c a rb o n  
11
s o l u t i o n .  He sh o w e d  t h a t  t h i s  p h e n o m e n o n ,  l i k e  p h o t o c h r o m is m , 
w a s  d e p e n d e n t  upon  t h e  p r e s e n c e  of  a n  hy d rox y l  g rou p  o r tho  t o  th e
7
D a y , Oja. c i t .
Q
Y. H e r s h b e r g ,  a n d  E. F i s c h e r ,  j ; .  C h e m . S o c . , 297 (1954) .  
9H e r s h b e rg  a n d  F i s c h e r ,  i b i d . , 3 1 2 9 .
1 9F i s c h e r ,  a n d  H e r s h b e r g ,  i b i d .  . 4522  (1952) .
U S .  S .  M im s ,  P h . D .  D i s s e r t a t i o n ,  L o u i s i a n a  S t a t e  U n i v e r s i t y , 
Ba ton  R ou ge ,  L o u i s i a n a ,  1958 .
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c a r b o n y l .  The i r r a d i a t i o n  w h ic h  g i v e s  r i s e  t o  th e  a p p e a r a n c e  of t h e  
p h o s p h o r e s c e n c e  a l s o  i n d u c e s  a  s h i f t  of t h e  a b s o r p t io n  b a n d s .  Ju s t  
a s  te rm s  su c h  a s  b a t h o c h r o m i c , h y p s o c h r o m i c , e t c .  a re  u s e d  to 
d e s c r i b e  s p e c t r a l  c h a n g e s  in  a l l  r e g io n s  of  t h e  s p e c t r u m ,  p h o t o -  
c h ro m ism  may b e  u s e d  to  d e s c r i b e  t h e  r e p o r t e d  c h a n g e s  in  t h e  u l t r a ­
v io le t  s p e c t r a  a s  long a s  t h e  c o n d i t i o n  of r e v e r s i b i l i t y  i s  m e t .
On th e  o th e r  h a n d ,  th e  te rm  th e rm o c h ro m is m ,  a s  p r e v io u s ly  
d e f i n e d ,  s e e m s  s u f f i c i e n t l y  r ig id  to  t u s t i f y  t h e  u s e  of  t h e  term 
" c ry o c h ro m is m "  to  r e fe r  to  t h e  s h i f t s  of r e l a t i v e l y  l a r g e  m agn i tu d e  
in  th e  a b s o r p t io n  s p e c t r a  of  c e r t a i n  m o le c u le s  w h ic h  o c c u r  w h e n  th e  
t e m p e r a t u r e  i s  c h a n g e d  from a m b ie n t  to  LIN t e m p e r a t u r e ,  (bo i l ing  po in t  
o f  Liquid  .N i t ro g e n — 77°K).  In a d d i t i o n  to  t h e  e f f e c t s  of t e m p e r a tu re  
a nd  i r r a d i a t i o n ,  th e  a b s o r p t io n  s p e c t r a  of  a ro m a t i c  c a r b o n y l  c o m p o un d s  
a r e  m odif ied  by  t h e  n a tu re  of th e  s o l v e n t ,  by th e  n a tu re  a n d  p o s i t i o n  
of  s u b s t i t u t i o n ,  a n d  by o th e r  i n t e r -  and  i n t r a m o l e c u l a r  i n t e r a c t i o n s ,  
(hydrogen  b o n d in g ,  e t c . ) .  In  hydroxy  l ie  s o l v e n t  th e  a b s o r p t io n  
s p e c t r a  o f  o r t h o -  an d  met a - s u b s t i t u t e d  b e n z a l d e h y d e s  a nd  a c e t o -  
p h e n o n e s  a re  d i s t i n c t l y  d i f f e r e n t  from th e  s p e c t r a  of t h e  p a r a -  
s u b s t i t u t e d  i s o m e r .  The o r t h o -  a n d  m e t a - i s o m e r s  g iv e  r i s e  to  tw o  
E. T . , ( e l e c t r o n  t r a n s f e r ) ,  b a n d s  in  t h e  2 3 0 - 3 0 0  mu r e g io n  w h e r e a s  
t h e  c o r r e s p o n d in g  p a r a - com p ou n d  s h o w s  o n ly  one  i n t e n s e  E.  T .  b a n d  
a t  w a v e l e n g t h s  c o n s i s t e n t l y  lo n g e r  t h a n  t h o s e  of t h e  p r i n c i p l e  E. T .  











FIGURE 3 .  ABSORPTION SPECTRA (RTAS) OF:
SALICYLALDEHYDE IN IPA
2.-HYDROXYBENZALDEHYDE IN 95% EtOH (HC1)




s p e c t r a  of £ - h y d r o x y b e n z a l d e h y d e  a n d  s a l i c y l a l d e h y d e , ( o - h y d r o x y -
b e n z a l d e h y d e ) , w h ic h  a re  r e p r e s e n t a t i v e  of t h e s e  t w o  c l a s s e s  of
m o n o - s u b s t i t u t e d  b e n z a l d e h y d e s .
E le c t ro n  t r a n s f e r  t r a n s i t i o n s  a re  c h a r a c t e r i s t i c  of  th e  c o m p o s i t e
m o le c u l e ,  R - S ,  w h e r e  R and  S r e p r e s e n t  d i f f e r e n t  c h ro m o p h o re s
s e p a r a t e d  by a s i n g l e  b o n d .  The E. T.  b a n d  i s  r e c o g n i z e d  by i t s
1 9s u s c e p t i b i l i t y  to  t h e  l o s s  of c o p l a n a r i t y  by s t e r i c  h i n d r a n c e .  E. T.
b a n d s  a re  l e a s t  s u s c e p t i b l e  to  i n t r a m o l e c u l a r  e f f e c t s  in  h y d ro x y l ic
s o l v e n t s .  In n o n - p o l a r  s o l v e n t s ,  i n t r a m o l e c u l a r  c h e l a t i o n  g i v e s  r i s e
to  a  s h i f t  of t h e  s e c o n d ,  (long w a v e l e n g t h ) ,  E. T .  b a n d  of o r t h o -
s u b s t i t u t e d  a l d e h y d e s .  The E. T. b a n d s  of o - h y d r o x y  c o m p o u n d s  b lu e
1 1sh i f t  upon  e s t e r i f i c a t i o n ,  b u t  t h e  m e t a - i s o m e r s ' d o  n o t .  W h e n  t h e  
s o l v e n t  i s  c h a n g e d  from h y d ro c a rb o n  to  h y d ro x y l ic  s o l v e n t ,  t h e r e  i s  
e s s e n t i a l l y  no sh i f t  for  t h e  o -h y d r o x y  c o m p o u n d s ,  a l th o u g h  t h e  e t h e r s  
show  a  red  s o l v e n t  s h i f t .  The e f f e c t s  of s o l v e n t  a n d  e s t e r i f i c a t i o n  a re  
g i v e n  in  T ab le  I for t h e  o r t h o - s u b s t i t u t e d  b e n z a l d e h y d e s  a n d  a c e t o -  
p h e n o n e s . ^
12A. I .  S c o t t ,  I n t e r p r e t a t i o n  of t h e  U l t r a v i o l e t  S p e c t r a  of 
N a t u r a l  P r o d u c t s .  M a c m i l l a n  C o . ,  N ew  York,  (1964) ,  102 .
13R. A. M o r to n ,  a n d  Z . S a i v l r e s , T. C h e m . S o c . . 1052 
(1940) .
14L. H .  C o n o v e r ,  C h e m .  S o c . S p e c i a l  P u b l i c a t i o n s . 5_, 48
(1956) .
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T a b le  I
LONG WAVELENGTH ABSORPTION OF g-HYDROXY AND g-ALKOXY
ALDEHYDES
C om p o u n d  H y d ro c a rb o n  S o lv e n t  H v d ro x v l l c  S o lv e n t  Exs Alka l i
o - O H  (mu) o-OAlk (mu) o - O H  (mu) g -A lk  (mu) g - O  (mu)
B e n z a ld e h y d e  329 310 325 320 383
A c e to p h e n o n e  329 300 327 305 365
From t h e s e  d a t a  w e  s e e  t h a t  a l t h o u g h  t h e  h ig h e r  e n e rg y  E. T .  b a n d s ,  
( c a . 246 mu), of g - h y d r o x y b e n z a l d e h y d e  a nd  g - h y d r o x y a c e t o p h e n o n e  g iv e  
a c o n s i s t e n t  d i s p l a c e m e n t  in  a l k a l i ,  t h e  long  w a v e l e n g t h  b a n d s  show  a 
l a rg e  v a r i a t i o n  in  t h e  red  s h i f t  a s  a  r e s u l t  of t h e  i o n i z a t i o n  of t h e  
h yd ro x y l  g r o u p .  This  i s  in  s p i t e  of t h e  f a c t  t h a t  t h e i r  s p e c t r a  in  n e u t r a l  
s o l v e n t  a r e  n e a r ly  i d e n t i c a l .
C o n o v e r  i n t e r p r e t s  t h e s e  d a ta  in  t e rm s  of  a  s o l v a t i o n - c h e l a t i o n
15 16model  f i r s t  p r o p o s e d  by M o r to n .  ' B e c a u s e  of t h e  s t r o n g e r  h y d ro g en  
b on d  in  th e  c h e l a t e d  c a s e ,  ( i n t r a m o le c u la r ) ,  t h a n  in  t h e  s o l v a t e d ,  ( i n te r -  
m o le c u l a r ) ,  s y s t e m ,  w e  e x p e c t  l a r g e r  e f f e c t s  from c h e l a t i o n  t h a n  from 
s o l v a t i o n .  W e  a l s o  e x p e c t  a lm o s t  i d e n t i c a l  s p e c t r a  for the  g - h y d r o x y  
c o m p o u n d s  in  h y d r o c a r b o n  s o l v e n t . The s i m i l a r i t y  b e t w e e n  t h e  s o l v a t e d  
an d  t h e  c h e l a t e d  m o le c u l e s  i s  i l l u s t r a t e d  b e l o w .
^ C o n o v e r ,  o p .  c l t .




A d d i t io n a l ly ,  o - m e t h o x y  c o m p o u n d s  w o u ld  b e  e x p e c t e d  to  e x h ib i t  a 
s h i f t  w h e n  t h e  s o l v e n t  i s  c h a n g e d  from h y d r o c a r b o n  to  h y d ro x y l ic  
s o l v e n t ,
S t e r i c  r e p u l s i o n  h a s  a n  im p o r ta n t  e f f e c t  o n  t h e  long  w a v e l e n g t h  
b a n d ;  i t  c a u s e s  th e  g r e a t e r  b lu e  s h i f t  upon  th e  c h a n g e  from o - O H  to  
o - O M e  for a c e t o p h e n o n e  t h a n  for  b e n z a l d e h y d e .
The d a t a  p r e s e n t e d  in  t h e  fo l lo w in g  s e c t i o n s  a r e  s u b d i v i d e d ,  a s  
fa r  a s  i t  i s  p r a c t i c a l ,  in to  s e g m e n t s  d e a l in g  w i th  th e  p h e n o m e n a  of 
c r y o c h r o m is m ,  p h o t o c h r o m i s m , a n d  o t h e r  r e l a t e d  p h o t o c h e m i c a l  r e a c ­
t i o n s .  This  s e p a r a t i o n  i s  p u re ly  a r t i f i c i a l ,  a nd  a n  a t t e m p t  w i l l  b e  
m ade  to  show  t h e i r  i n t e r - r e l a t i o n s h i p .
D. CRYOCHROMISM:
The u l t r a v i o l e t  s p e c t r a  o f  m o s t  c o m p o u n d s  e x h ib i t  s o m e  s p e c t r a l  
c h a n g e  w h e n  t h e  t e m p e r a t u r e  i s  c h a n g e d .  Of t h e  f a c t o r s  r e s p o n s i b l e  
for t h i s  t e m p e r a t u r e  d e p e n d e n t  c h a n g e ,  t h r e e  of th e  m os t  im p o r tan t  a r e :  
{1) t h e  t e m p e r a t u r e  e f f e c t  o n  t h e  r e f r a c t i v e  i n d e x  o f  t h e  s o l v e n t ,
(2) t h e  t e m p e r a t u r e  e f f e c t  on  t h e  B o l tzm an  d i s t r i b u t i o n  among th e
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v i b r a t io n a l  a n d  r o t a t i o n a l  e n e rg y  l e v e l s  of t h e  s o l u t e  m o l e c u l e , and
(3) th e  v a r io u s  t e m p e r a tu re  d e p e n d e n t  i n t e r a c t i o n s  among t h e  m o le c u le s
17in  t h e  s y s t e m .
In t h e s e  s t u d i e s  w e  s h a l l  b e  c o n c e r n e d  w i th  f a c to r s  of  th e  l a t t e r  
t y p e ,  of  w h i c h  h yd ro g en  bond ing  i s  t h e  most  com m on e x a m p le .  The 
e q u i l ib r iu m  b e t w e e n  h y d ro g en  b o n d e d  m o le c u l e s  a n d  n o n - h y d r o g e n  
b o n d e d  o n e s  i s  know n  to  b e  a f f e c t e d  by t e m p e r a t u r e ,  a n d  i f  t h e  hy d ro g en  
b on d  i n v o lv e s  a c h ro m o ph o r ic  par t  of a m o l e c u l e , w e  sh o u ld  e x p e c t  to  
o b s e r v e  a n  e f f e c t  on  t h e  s p e c t r a l  b e h a v i o r  o f  t h e  m o l e c u l e .  18 M o s t  
s p e c t r a  r e p r e s e n t a t i v e  of pi* •- pi  t r a n s i t i o n s  e x h ib i t  red  s h i f t s  of t h e  
o rd e r  of 250 c m - * and  a n  i n c r e a s e  in  t o t a l  a b s o r p t io n  w i th  a  d e c r e a s e  
in  t e m p e r a t u r e  w h e n  h y d ro g e n  b o n d s  a r e  formed b e t w e e n  s o l u t e  and  
s o lv e n t  m o l e c u l e s .  In t h e  a b s e n c e  of s p e c i f i c  i n t e r a c t i o n  w i th  s o l v e n t ,  
t h e  d e c r e a s e  in  t e m p e r a tu r e  l e a d s  t o  an  i n c r e a s e  in  t h e  i n t e n s i t y  of 
b a n d  maxim a a n d  to  a n  i n c r e a s e  in  th e  s h a r p n e s s  of  t h e  i n d iv id u a l  
v i b r a t i o n a l  b a n d s .  This  i s  i l l u s t r a t e d  in  F igure  4 for  t h e  c a s e  of  b e n z e n e  
in  EPA. The i n c r e a s e  in  i n t e n s i t y  a r i s e s  p a r t ly  from th e  v o lum e  c o n t r a c ­
t i o n  of t h e  s o l v e n t  g l a s s  a n d  p a r t ly  from th e  d e p o p u la t i o n  of t h e  h ig h e r  
v i b r a t i o n a l  a nd  r o t a t i o n a l  l e v e l s  a s  t h e  r e s u l t  of th e  d e c r e a s e  in  
t e m p e r a t u r e .  The F r a n c k - C o n d o n  p r i n c i p l e  r e s u l t s  in  th e  r e d u c t i o n  of
17M .  I t o ,  L* Mfii-  S p e c t .  . 4 .  106 (1960) .
W .  W o l k e n s t e i n ,  a n d  O .  B. P t l t s y n ,  H yd ro g e n  Bonding 









FIGURE 4 . ABSORPTION SPECTRA OF 
BENZENE IN EPA:
RTAS (fia. 25°C)  




th e  e n e rg y  s p r e a d ,  (band w i d t h ) ,  of  e a c h  p a r t i c u l a r  e l e c t r o n i c  t r a n s i ­
t io n  w i th o u t  a  r e d u c t io n  of  t h e  t r a n s i t i o n  p r o b a b i l i t y .
The g e n e r a l  e f f e c t s  of t e m p e r a t u r e  on s o l u t i o n  s p e c t r a  c a n  b e  
s u m m a r iz e d  a s  f o l lo w s :  (1) b a n d  s h a r p n e s s  i n c r e a s e s  w i th  a d e c r e a s e  
in  t e m p e r a t u r e ,  (2) p o s i t i o n  of  t h e  a b s o r p t io n  m axim a d o e s  n o t  move 
or m oves  v e ry  l i t t l e  t o w a rd  lo n g e r  w a v e l e n g t h s  w i t h  d e c r e a s i n g  t e m p e r a ­
tu re  , a n d  (3) t h e  t o t a l  a b s o r p t io n  i n t e n s i t y ,  ( in teg ra ted  i n t e n s i t y ) ,  i s
1 9 - 2  1a p p ro x im a te ly  I n d e p e n d e n t  of th e  t e m p e r a t u r e .
I to  h a s  r e p o r te d  a r e d  s h i f t  of  £<a. 250 c m * 1 for p h e n o l  in  a  n -
- ?  22  h e x a n e  s o l u t i o n  t o  w h ic h  10 A M .  e th a n o l  h a d  b e e n  a d d e d .  In  pure
h e x a n e  s o l u t i o n ,  t h e  s p e c t r a l  s h i f t  i n d u c e d  by t e m p e r a t u r e  c h a n g e  i s
much s m a l l e r  ( c a . 100 c m - *). The l a r g e r  s p e c t r a l  sh i f t  o b s e r v e d  for
th e  p h e n o l - e t h a n o l  s y s t e m  w h e n  t h e  t e m p e r a t u r e  w a s  v a r i e d  w a s
a t t r i b u t e d  to  t h e  e f f e c t  of s o l u t e - s o l u t e  i n t e r m o l e c u l a r  h y d ro g e n
b o n d i n g . I to  a l s o  r e p o r t e d  t h e  e f f e c t  of t e m p e r a t u r e  u p on  t h e  s p e c t r u m
of b e n z o i c  a c i d  for w h ic h  o th e r  d a t a  i n d i c a t e s  t h a t  t h e r e  i s  i n t e r m o l e c u l a r
2 3h y d ro g e n  b o n d i n g . The d im er  o f  b e n z o i c  a c i d  h a s  t h e  s t r u c t u r e
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For m o le c u le  A, th e  h y d ro g e n  bond  I c a u s e s  a  b lu e  s h i f t  o f  th e  E. T.  
b a n d s  w h i l e  II s h i f t s  t h e m  to w a rd  t h e  r e d .  S in c e  th e  o b s e r v e d  s h i f t  
i s  b a th o c h r o m l c ,  th e  e f f e c t  of h y d ro g e n  bond  II on t h e  b a n d s  m u s t  be 
s t r o n g e r  t h a n  t h a t  of h y d ro g e n  bond I .  T h u s ,  t h e  a m o u n t  of s p e c t r a l  
s h i f t  i s  a  fu n c t io n  of t h e  t y p e  a n d  a r r a n g e m e n t  of h y d ro g en  bo n d s  
r a th e r  t h a n  th e i r  e n e r g y .
T herm och ro m ism ,  a s  w a s  n o te d  b e f o r e ,  c o n c e r n s  s y s t e m s  w h ic h  
b e c o m e  c o lo r e d  or c h a n g e  in  c o lo r  a s  th e  r e s u l t  of b an d  s h i f t s  in d u c e d  
by  a n  I n c r e a s e  in  t e m p e r a t u r e .  C ry o c h ro m ism ,  on th e  o t h e r  h a n d ,  i s  
th e  p r o p e r ty  of a  m o le c u le  in  a  p a r t i c u l a r  e n v i r o n m e n t  w h ic h  g i v e s  
r i s e  to  a  b a th o c h ro m lc  s h i f t  of a b s o r p t i o n  b a n d s  u p o n  a d e c r e a s e  in 
t e m p e r a t u r e .  This  d e c r e a s e  in t e m p e r a t u r e ,  g e n e r a l l y  t o  LIN t e m p e r a ­
tu re  (7 7 ° K), may or may n o t  h a v e  a n  e f f e c t  on th e  c o lo r  of th e  c o m ­
p o u n d .  The b a n d s  r e f e r r e d  t o  in  th e  a b o v e  d i s c u s s i o n  a re  t h e  
r e l a t i v e l y  i n t e n s e  pi*  -  p i  b a n d s  of t h e  m o l e c u l e s .  There  a re  
o t h e r ,  m uch  l e s s  i n t e n s e  b a n d s ,  c o r r e s p o n d in g  to  p i*  *- n t r a n s i ­
t i o n s  w h ic h  s h i f t  in  a n  o p p o s i t e  m a n n e r .  T ha t  i s ,  t h e y  may b lu e  
s h i f t  u p o n  a  d e c r e a s e  in  t e m p e r a t u r e .
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T h e s e  s h i f t s  r e s u l t  from s p e c i f i c  m o le c u la r  i n t e r a c t i o n s ;  t h i s  
may b e  i n d i c a t e d  by look ing  a t  th e  c ry o c h ro m ic  b e h a v io r  of tw o  
c l o s e l y  r e l a t e d  m o le c u l e s  , s a l i c y l a l d e h y d e  ( o - h y d r o x y b e n z a l d e h y d e ) , 
and  o - m e t h o x y b e n z a l d e h y d e . F igure  5 g i v e s  t h e  a m b ie n t  a n d  low 
t e m p e r a tu r e  a b s o r p t io n  s p e c t r a  of t h e s e  two c o m p o u n d s  in  IPMP.
The m o le c u l e ,  s a l i c y l a l d e h y d e ,  w h ic h  i s  know n  to  h a v e  s t rong  
in t r a m o l e c u l a r  h y d ro g en  b o n d i n g , e x h ib i t s  on ly  a  s l i g h t  red  s h i f t  of 
a l l  t h r e e  of i t s  u l t r a v io l e t  a b s o r p t io n  b a n d s .  o - M e t h o x y b e n z a l d e h y d e  
e x h i b i t s  c ry o c h ro m ic  r e d  s h i f t s  of i t s  tw o  E. T .  b a n d s  o f  th e  o rd e r  of 
2000 c m ' 1 . The major c h a n g e  in  t h e  a b s o r p t i o n  s p e c t ru m  of s a l i c y l ­
a ld e h y d e  u p o n  go ing  to  LIN t e m p e r a tu r e  in  h y d r o c a r b o n  s o l v e n t  i s  t h e  
l o s s  to  t h e  t w o - p e a k e d  s t r u c tu r e  of t h e  251 mu b a n d .  The p e ak  at 
h ig h e r  e n e r g y ,  (to th e  b l u e ) ,  d i s a p p e a r s  but  t h e  o th e r  p e a k  r e m a i n s .  
The 250 mu E. T. b a n d  of o - m e t h o x y b e n z a l d e h y d e  i s  s i n g l e - p e a k e d  
w i th  a  s t ro n g  s h o u ld e r  on t h e  long w a v e l e n g t h  s i d e .  Upon go ing  to  
low t e m p e r a t u r e ,  t h e  b a n d  red  s h i f t s  to  th e  p o s i t i o n  o c c u p i e d  by th e  
c o r r e s p o n d in g  b a n d  of s a l i c y l a l d e h y d e  a t  room t e m p e r a t u r e .  It i s  
s t i l l  s i n g l e - p e a k e d ,  but  t h e  s h o u ld e r  i s  now on  th e  sh o r t  w a v e l e n g th  
s i d e  of t h e  m axim um. The sh i f t  of t h e  b a n d  maximum i s  v e ry  n e a r ly  
of t h e  s a m e  m ag n i tu d e  a s  t h e  s h i f t  of t h e  long  w a v e l e n g t h  E.  T. b a n d  
l o c a t e d  c a .  310 mu for t h e  s a m e  t e m p e r a tu re  c h a n g e .  The a b o v e  
f a c t s  p o in t  ou t  a  v e ry  s t ro n g  c o r r e l a t i o n  b e t w e e n  th e  room t e m p e r a ­
tu re  a b s o r p t i o n  s p e c t ru m  of  s a l i c y l a l d e h y d e  a n d  th e  low t e m p e r a tu re  











FIGURE 5 . ABSORPTION SPECTRA IN IPMP:
 RTAS OF SALICYLALDEHYDE
-  -LTAS OF SALICYLALDEHYDE
 RTAS OF o-METHOXYBENZALDEHYDE




The d a t a  a r e  e x p l i c a b l e  i f  w e  c o n s i d e r  th e  n a tu r e  of t h e  t r a n s i ­
t i o n s  i n v o lv e d .  T h e s e  E. T .  b a n d s  c o r r e s p o n d  to  t r a n s i t i o n s  in v o lv in g  
th e  p rom ot ion  of  e l e c t r o n i c  c h a r g e  from o n e  ch ro m o p h o r ic  p a r t  of th e  
m o le c u le  t o  a n o t h e r .  Such t r a n s i t i o n s  a re  kn o w n  to  be  s e n s i t i v e  to  
t h e  c o p la n a r i t y  o r  l a c k  of c o p la n a r i t y  of t h e  m o le c u la r  o r b i t a l s  
I n v o lv e d .  ^  I n t r a m o le c u la r  h y d ro g en  b o n d in g  i s  among t h o s e  f a c to r s  
w h ic h  t e n d  to  p rom ote  c o p l a n a r i t y ,  w h i l e  h igh  t e m p e r a tu r e  a n d  th e rm a l  
a g i t a t i o n ,  (kT), e s p e c i a l l y  in  th e  p r e s e n c e  of  a  b u lk y ,  n o n - h y d r o g e n  
b ond ing  group  in  t h e  o r tho  p o s i t i o n ,  w i l l  t e n d  to  d i s r u p t  or p re v e n t  th e  
a t t a i n m e n t  of c o p l a n a r i t y .  T h e re fo re ,  t h e  lo w e r in g  of t h e  t e m p e r a tu re  
in  t h e  c a s e  of o . - m e th o x y b e n z a ld e h y d e  w i l l  a l lo w  t h e  a t t a i n m e n t  of 
t h e  r e s o n a n c e  fa v o re d  c o p l a n a r  c o n f i g u r a t i o n .  S a l i c y l a l d e h y d e  w i l l  
be  fo rced  in to  t h i s  c o p la n a r  c o n f ig u r a t i o n  by  t h e  I n t r a m o le c u la r  
h y d ro g en  b o n d ,  a n d  a d e c r e a s e  in  t e m p e r a t u r e  w o u ld  not b e  e x p e c t e d  
to  m a te r i a l l y  a f f e c t  i t s  c o n f i g u r a t i o n .  The s i n g l e  p e a k  of t h e  251 mu 
b a n d  of s a l i c y l a l d e h y d e  at  LIN t e m p e r a tu r e  must  c o r r e s p o n d  to  t h e  
m o le c u le  i n  th e  i n t r a m o l e c u l a r  h y d ro g e n  b o n d e d  c o n f i g u r a t i o n .  The 
s h o r t e r  w a v e l e n g t h  p e ak  a t  room t e m p e r a tu r e  sh o u ld  t h e n  c o r r e s p o n d  
to  e i t h e r  t h e  i n t e r m o l e c u l a r l y  h y d ro g e n  b o n d e d  com p o u n d  or to  som e  
n o n - i n t r a m o l e c u l a r l y  h y d ro g e n  b o n d e d  form . D a ta  p r e s e n t e d  in  a 
l a t e r  s e c t i o n  on  t h e  p h o t o c h e m i c a l  b e h a v i o r  of s a l i c y l a l d e h y d e  w i l l  
be  sh o w n  t o  s u p p o r t  t h i s  i n t e r p r e t a t i o n .
^ A .  I .  S c o t t ,  o p .  c i t .
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The sh i f t  of t h e  310 mu b a n d  of o - m e t h o x y b e n z a l d e h y d e  a s  th e  
s a m p le  g l a s s  w a rm s  from LIN t e m p e r a tu re  to  room t e m p e r a t u r e  i s  p r e ­
s e n t e d  in  F igure  6 .  It i n d i c a t e s  th e  e x i s t e n c e  of a t  l e a s t  tw o  s p e c i e s  
w h ic h  a re  s t a b l e  a t  d i f f e r e n t  t e m p e r a t u r e s .
O th e r  m o le c u le s  b e s i d e s  o - m e t h o x y b e n z a l d e h y d e  w h ic h  e x h ib i t  
a  l a rg e  c ry o c h ro m ic  sh i f t  a re  o - m e t h o x y b e n z o i c  a c i d ,  p - h y d r o x y -  
b e n z a l d e h y d e  , 3 ’- h y d r o x y a c e t o p h e n o n e ,  an d  2 , 4 - d i h y d r o x y b e n z a l d e -  
h y d e .  All of  t h e s e  c o m p o u n d s  e x c e p t  t h e  l a s t  a re  c h a r a c t e r i z e d  by th e  
l a c k  of th e  s t a b i l i z i n g  c o n j u g a t e  c h e l a t e  s y s t e m .  T h is  l a s t  m o le c u le  
w i l l  b e  sh o w n  t o  h a v e  a n  a b s o r p t io n  s p e c t r u m  w h ic h  a p p e a r s  to  be  
n e a r ly  a  s im p le  s u p e r - p o s i t i o n  of th e  s p e c t r a  of o - h y d r o x y b e n z a l d e -  
h yd e  and  p - h y d r o x y b e n z a l d e h y d e . It w i l l  a l s o  be  sh o w n  t h a t  t h a t  pa r t  
of th e  s p e c t r u m  w h ic h  i s  c o r r e l a t e d  w i th  t h e  c o n j u g a t e  c h e l a t e  s y s t e m ,  
(o r th o - ) , d o e s  no t  sh i f t  w i th  a  d e c r e a s e  in  t e m p e r a t u r e  w h i l e  t h a t  
p o r t io n  w h ic h  c o r r e s p o n d s  to  t h e  long w a v e l e n g t h  E. T.  b a n d  of 
p - h y d r o x y b e n z a l d e h y d e  e x h ib i t s  a c ry o c h ro m ic  s h i f t  of t h e  u s u a l  
m a g n i t u d e .
o - H y d r o x y a c e t o p h e n o n e , l ik e  s a l i c y l a l d e h y d e ,  g i v e s  a  b ro a d  
w e a k  OH a b s o r p t i o n  b a n d  in  t h e  3 5 0 0 - 2 9 0 0  c m ' 1 r e g i o n .  A lthough 
th e  room t e m p e r a t u r e  s p e c t r a  of o - h y d r o x y a c e t o p h e n o n e  a n d  o - h y d r o x y -  
b e n z a l d e h y d e  a re  s i m i l a r ,  t h e  low t e m p e r a t u r e  s p e c t r a  e x h ib i t  som e  
d i s s i m i l a r i t y ,  ( s e e  F igu re  7 ) .  The l o n g e s t  w a v e l e n g t h  b a n d  of 
s a l i c y l a l d e h y d e  i s  s t r u c t u r e l e s s  e v e n  a t  77°K .  H o w e v e r ,  t h e
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FIGURE 7 . ABSORPTION SPECTRA IN IPMP:




c o r re s p o n d in g  b a n d  in o - h y d r o x y a c e t o p h e n o n e  e x h ib i t s  v i b r a t i o n a l  
sp l i t t i n g  w h ic h  s e e m s  to o  s m a l l ,  (9 0 0 -1 30 0  c m ' * ) ,  to  b e  a s s i g n e d  
w i th  c e r t a i n t y  to  t h e  c a r b o n y l  s t r e t c h in g  f r e q u e n c y .  The molar  e x t i n c ­
t io n  c o e f f i c i e n t  r e p o r te d  for t h i s  b an d  of  £a.. 3700  a l s o  i n d i c a t e s  t h a t  
t h i s  b a n d  i s  not  d ue  p r im ar i ly  to  a n  pi* *- n t r a n s i t i o n .  There  i s  t h e  
d i s t i n c t  p o s s i b i l i t y  th a t  t h e  b a n d  c o r r e s p o n d in g  to  t h e  pi* -  n t r a n s i ­
t io n  i s  s u b m e rg e d  by th e  more i n t e n s e  b a n d  of th e  pi* -  pi t r a n s i t i o n .  
T h is  s e e m s  to  b e  t h e  c a s e  for t h e  s im i l a r  b a n d s  of s a l i c y l a l d e h y d e .  
A lso ,  l ik e  s a l i c y l a l d e h y d e ,  t h e  E. T . b a n d  l o c a t e d  ca..  250 mu i s  
s p l i t ,  but  upon g o in g  to  U N  t e m p e r a t u r e ,  th e  25 0 mu E. T.  b a n d  of 
o - h y d r o x y a c e t o p h e n o n e  r e t a i n s  i t s  t w o - p e a k e d  e n v e l o p e  — it d o e s  
not l o s e  t h e  s h o r t e r  w a v e l e n g th  peak  a s  s a l i c y l a l d e h y d e  d o e s .  If ,  
a s  in  t h e  c a s e  of  s a l i c y l a l d e h y d e , t h e  s h o r t e r  w a v e l e n g t h  p e a k  i s  
a t t r i b u t e d  t o  t h e  n o n - h y d r o g e n  b o n d e d  m o le c u le  and  t h e  lo n g e r  w a v e ­
leng th  p e a k  i s  a s c r i b e d  to  th e  h y d ro g e n  b o n d e d  s p e c i e s ,  t h e  d i f f e r e n c e  
in  b e h a v i o r  may b e  e x p la in e d  by  th e  f o l l o w i n g . The I n d u c t iv e  e f f e c t  
of  t h e  m e thy l  g ro u p  i n c r e a s e s  t h e  e l e c t r o n  d e n s i t y  on  t h e  c a r b o n y l
group;  t h i s  t e n d s  to  s t r e n g t h e n  t h e  h y d ro g e n  b o n d  in  t h e  g ro u n d  s t a t e . 
The s t e r i c  r e q u i r e m e n t  o f  t h e  m ethy l  g r o u p ,  ( s p a c i a l  o v e r l a p  w i th  th e  
h y d ro g e n s  of t h e  b e n z e n e  n u c l e u s  in  t h e  h y d r o g e n  b o n d e d  c o n f i g u r a ­
t i o n ) , w e a k e n s  a n d  t e n d s  to  p re v e n t  t h e  fo rm a t io n  of th e  b o n d .  Upon 
go ing  t o  low  t e m p e r a t u r e , t h e  b a r r i e r  t o  h y d ro g e n  bo n d in g  p o s e d  by  
th e  th e r m a l  a g i t a t i o n  in  s o l u t i o n  i s  r e m o v e d ,  a n d  in  t h e  c a s e  of
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s a l i c y l a l d e h y d e  w h e r e  t e m p e r a tu r e  I s  know n to  h a v e  a n  e f f e c t  on  t h e  
d e g r e e  of  c h e l a t i o n ,  a r e d  sh i f t  for t h i s  b a n d ,  fc a . 250 mu),  i s  
o b s e r v e d .  But o - h y d r o x y a c e t o p h e n o n e  w h i c h  i s  p r e v e n t e d  from 
b e c o m in g  more  c o m p le t e ly  h y d ro g en  b o n d e d  by t h e  s t e r i c  h i n d r a n c e  of 
t h e  m e th y l  g ro u p  a n d  not  by  a  th e r m a l  e f f e c t ,  e x h i b i t s  no s u c h  red  
sh i f t  of th e  E. T, b a n d ,  ( c a . 250 mu), b e c a u s e  lo w e r in g  of t h e  
t e m p e r a tu re  d o e s  not  a p p r e c i a b ly  a f f e c t  t h e  s t e r i c  f a c t o r .
3 ' - H y d r o x y a c e t o p h e n o n e , a  n o n - c h e l a t e d  i s o m e r ,  e x h i b i t s  a 
c ry o c h ro m ic  sh i f t  of  a l l  t h r e e  nea r -U V  b a n d s  of c a .  2300 c m ' 1 , (6 .7  
k c a l / m o l e ) .  S ee  F igure  8 .  At room t e m p e r a t u r e  in  c y c l o h e x a n e  th e  
long w a v e l e n g t h  b a n d  h a s  a p rom inen t  s h o u l d e r  a t  £ a .  310 mu a n d  a 
ve ry  w e a k  b a n d ,  {pi* *- n  ? ) ,  e v id e n t  a t  330 mu.  In i s o -p r o p y l  
a l c o h o l  th e  b a n d  maxima i s  a t  312 mu w i th  no e v i d e n c e  of s t r u c t u r e .  
S e e  F igure  9 .
_t-Butyl s a l o l ,  upon  g o in g  to  LIN t e m p e r a t u r e  e x h i b i t s  a  b ro ad  
w e a k  b a n d  fa r  to  t h e  red  of i t s  l o n g e s t  w a v e l e n g t h  b a n d  a t  room 
t e m p e r a t u r e .  This  i s  p r e s e n t e d  in  F igure  10 .  T h is  b a n d  h a s  so m e  
of t h e  c h a r a c t e r i s t i c s  of  c r y s t a l  a b s o r p t i o n .
The c ry o c h ro m ic  red  s h i f t  o b s e r v e d  for o - m e t h o x y b e n z o i c  a c id  
i s  £ a .  2200 c m - 1 , ( c a . 6 . 4  k c a ^ m o l e ) , i n  h y d r o c a r b o n  s o l v e n t .  T h is  
i s  v e ry  n e a r  t h e  s a m e  m a g n i tu d e  a s  t h e  c ry o c h ro m ic  s h i f t  of  0 , -m ethoxy  
b e n z a l d e h y d e  a n d  3 ' - h y d r o x y a c e t o p h e n o n e . F igure  11 g i v e s  th e  
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FIGURE 10. ABSORPTION SPECTRA OF £-{t-BUTYL)PHENYL SALICYLATE IN EPA:












FIGURE 1 1. ABSORPTION SPECTRA OF 
2.-METHOXYBENZOIC ACID:
RTAS IN IPMP 





p r e s e n t s  t h e  room t e m p e r a tu re  a b s o r p t io n  s p e c t ru m  in  a l c o h o l i c  s o l v e n t .  
The t w o - p e a k e d  e n v e l o p e  of t h e  long w a v e l e n g th  E.  T .  b a n d  in  h y d r o ­
c a r b o n  s o l v e n t  h a s  b e e n  a t t r i b u t e d  to  a b s o r p t io n  by t h e  i n t r a m o l e c u l a r  
h y d ro g e n  b o n d e d  m o le c u l e ,  ( the lo n g e r  w a v e l e n g th  p e a k ) ,  a n d  by th e  
n o n - h y d r o g e n  b o n d e d  m o l e c u l e ,  ( the p e a k  a t  s h o r t e r  w a v e l e n g t h s ) . ^  
The h y d ro g e n  bond  p r o p o s e d  i n v o l v e s  t h e  p h e n o l i c  h y d ro g e n  a n d  th e  
m ethoxy  o x y g e n .  The b a n d  c a .  290 mu c o r r e s p o n d s  to  a n  in t r a m o le c u la r  
c h a r g e  t r a n s f e r  t r a n s i t i o n  in  w h ic h  c h a r g e  i s  p rom oted  from t h e  r ing to  
t h e  c a r b o n y l  g r o u p .
Oki a r g u e s  t h a t  t h e  d i s a p p e a r a n c e  of th e  t w o - p e a k e d  s t r u c tu r e  
in  h y d ro g e n  bo n d in g  s o l v e n t  i s  d u e  to  t h e  d e s t r u c t i o n  of  t h e  i n t r a ­
m o le c u la r  h y d ro g en  bond  w i th  t h e  fo rm a t ion  of  t h e  more f a v o r e d  
in t e r m o l e c u l a r  b o n d .  The e n th a lp y  d i f f e r e n c e  for t h e  i n t r a m o l e c u l a r  
h y d ro g e n  bond  in  o - m e t h o x y b e n z o i c  a c i d  h a s  b e e n  d e t e r m i n e d  from 
In f ra red  d a t a  to  b e  3 . 3  t  0 . 5  k c a l / m o l e . 2 6  The in t e r m o l e c u l a r  
h y d ro g e n  bo n d  s h o u l d  b e  f av o red  ove r  t h e  i n t r a m o l e c u l a r  h yd ro g en  
bon d  a s  t h e  r e s u l t  of  th e  l a r g e  s t e r i c  r e q u i r e m e n t s  o f  g r o u p s  s u b ­
s t i t u t e d  i n  th e  o r t h o - p o s i t i o n .  Entropy c o n s i d e r a t i o n s ,  a r i s i n g  
from t h e  f a c t  t h a t  i t  i s  t h e  s o l v e n t  w h ic h  f u n c t i o n s  a s  t h e  h y d ro g e n  
a c c e p t o r ,  a l s o  favor  t h e  i n t e r m o l e c u l a r  b o n d .  In  a d d i t i o n ,  e n th a lp y
2^ M ic h in o r i  O k i ,  a n d  M .  H l r o t a ,  B u l l .  C h e m . S o c . Taoan ,
37., 213 (1964) ,
2 6 M . D a v i e s ,  a n d  D .  M .  F .  G r i f f i t h s ,  T. C h e m .  S o c . . 132 
(1955) .
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d i f f e r e n c e s  for i n t e r m o l e c u l a r  h y d ro g e n  b o n d in g  in v o lv in g  c a r b o x y l i c  
a c i d s  a re  g e n e r a l l y  s o m e w h a t  g r e a t e r  t h a n  t h e  3 . 3  k c a l / m o l e  r e p o r te d  
for th e  i n t r a m o l e c u l a r  h y d ro g e n  b o n d ,  ( e . g . ,  4 . 5 6  ± 0 . 3  k c a l / m o l e  
for t h e  a c e t i c  a c i d - d i b u t y l  e th e r  h y d ro g e n  b o n d ) .
The c ry o c h ro m ic  s h i f t  d i s c u s s e d  a b o v e  i s  of t h e  s a m e  m a g n i tu d e  
a s  t h e  e n e r g y  d i f f e r e n c e  found  b e t w e e n  t h e  £ a .  310 mu E. T.  b a n d  of 
o - m e t h o x y b e n z a l d e h y d e , (not h y d ro g en  b o n d e d ) ,  a n d  t h e  E.  T .  b a n d  
c a . 330 mu of s a l i c y l a l d e h y d e , ( s t ro n g ly  i n t r a m o l e c u l a r  h y d ro g e n  
b o n d e d ) .  F igu re  12 g i v e s  t h e  c ry o c h ro m ic  sh i f t  of o - m e t h o x y b e n z o i c  
a c i d  and  t h e  a b s o r p t io n  s p e c t r a  o f  s a l i c y l a l d e h y d e  and  o - m e t h o x y ­
b e n z a l d e h y d e - - a l l  in  IPMP s o l u t i o n .  Although t h e  m ag n i tu de  of t h e  
s h i f t  in  t h e s e  two s y s t e m s  i s  t h e  s a m e ,  o n e  may no t  r e a s o n a b l y  
a t t r i b u t e  t h e s e  s h i f t s ,  (room t e m p e r a tu r e  o - m e t h o x y b e n z a l d e h y d e  — 
room t e m p e r a t u r e  s a l i c y l a l d e h y d e ,  low t e m p e r a t u r e  o - m e t h o x y b e n z o i c
a c i d  - - r o o m  t e m p e r a t u r e  o - m e t h o x y b e n z o i c  a c i d ) , t o  t h e  p r e s e n c e  of 
a b s e n c e  of a n  i n t r a m o l e c u l a r  h y d ro g e n  b o n d ,  p e r  s e :  b e c a u s e  th e  
s t r e n g t h s  of  th e  h y d ro g en  b o n d s  a r e  u n d o u b te d ly  d i f f e r e n t .  It may be  
t h a t  c o p l a n a r i t y  of th e  c a r b o n y l  g ro u p  w i th  t h e  £u s y s t e m  of th e  
b e n z e n e  r i n g ,  b ro u g h t  a b o u t  by  tw o  d i f f e r e n t  m e c h a n i s m s  in  t h e  tw o  
c a s e s ,  i s  r e s p o n s i b l e  for t h e  i d e n t i c a l  s h i f t s  to  lo w e r  e n e r g y  for 
t h e s e  E. T.  b a n d s .  The a t t a i n m e n t  of c o p la n a r l t y  i s  o p p o s e d  by 
th e r m a l  a g i t a t i o n  o f  t h e  m o le c u l e s  a n d  by s t e r i c  h i n d r a n c e  in  t h e  











FIGURE 12.  ABSORPTION SPECTRA IN IPMP:
 RTAS OF o-METHOXYBENZALDEHYDE
 RTAS OF o-METHOXYBENZOIC ACID
' -  -LTAS OF SALICYLALDEHYDE 
• ’ 'LTAS OFo-METHOXYBENZOIC ACID
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b ,d
350 300 250 200
WAVELENGTH (mu)
63
a v a i l a b i l i t y  of r e s o n a n c e  forms w h ic h  in v o lv e  t h e  n o n - b o n d in g  
e l e c t r o n s  of t h e  c a r b o n y l  o x y g e n  a n d  by  th e  fo rm a t io n  of  a n  i n t r a ­
m o le c u la r  h y d ro g en  b o n d .
There  h a v e  b e e n  som e  d a t a  r e p o r t e d  w h ic h  su p p o r t  t h e  i d e a  of
h y d ro g e n  b on d in g  w h i c h  I n v o l v e s  th e  a l d e h y d i c  h y d ro g e n  of  t h e  c a r b o n y l
27g r o u p .  T h e s e  d a t a  h a v e  b e e n  p r e s e n t e d  in  a n  e a r l i e r  s e c t i o n .  The 
d a ta  p r e s e n t e d  h e re  do  not r e q u i r e  t h i s  ty p e  of i n t r a m o l e c u l a r  h y d ro g en  
bond  for  i n t e r p r e t a t i o n .  The a rgum en t  p r e s e n t e d  e a r l i e r  by Oki to  
e x p l a i n  t h e  s i n g l e  p e a k  of th e  long  w a v e l e n g th  b a n d  in  a l c o h o l i c  
s o l v e n t  may be  u s e d  t o  e x p la in  t h e  s i n g l e  p e a k  o b s e r v e d  a t  low 
t e m p e r a t u r e  The s h i f t  t o w a rd  t h e  r e d , ( c r y o c h r o m ic ) , i s  g r e a t e r  
t h a n  t h e  o b s e r v e d  s o l v e n t  sh i f t ;  t h i s  im p l i e s  e v e n  fu r the r  w e a k e n i n g  
of t h e  i n t r a m o l e c u l a r  h y d ro g en  bond  upon  g o in g  to  LIN t e m p e r a t u r e .
This  i s  c o n t r a r y  to  o u r  e x p e r i e n c e  w i th  o th e r  s im i l a r  s y s t e m s ,  ( e . g .  , 
s a l i c y l a l d e h y d e ) ,  a n d  t h i s  c a s t s  so m e  doub t  on  O k i ' s  o r ig in a l  i n t e r ­
p r e t a t i o n .
The c ry o c h ro m ic  sh i f t  of j a - h y d r o x y b e n z a ld e h y d e  i s g i v e n  in  
F igure  13.  This  co m p o u n d  i s  not  v e ry  s o l u b l e  in  h y d r o c a r b o n  s o l v e n t ,  
and  t h e  b ro a d  s t r u c t u r e l e s s  b a n d  a t  300 mu might  b e  t h a t  of  m ic r o -  
c r y s t a l s  fo rm ed u p on  c o o l in g  of  t h e  n e a r l y  s a t u r a t e d  IPMP s o l u t i o n .
27S .  P l n c h a s ,  A n a l . C h e m .  , 27 . 2 (1955) .  
2®M. O k i ,  o p . c i t .
FIGURE 13. ABSORPTION SPECTRA OF 
2 -HYDROXYBENZALDEHYDE:
-------------  RTAS IN IPMP
...................LTAS IN IPMP
• • • • • RTAS IN IPA (ISOPROPYL ALCOHOL)
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Eximer i n t e r a c t i o n  of h y d ro g en  b o n d e d  c o m p l e x e s  may a l s o  be  
i n v o l v e d . 29 The e f f e c t  of  ex im er  fo rm a t io n  may b e  c a l c u l a t e d  if 
t h e  e f f e c t  of h y d ro g e n  bo n d ing  a lo n e  c a n  be  e v a l u a t e d .  S h i f t s  due  
m ain ly  to  h y d ro g e n  b on d in g  may be  d e m o n s t r a t e d  by s t u d i e s  in  bo th  
h y d ro g en  b o n d in g  s o l v e n t s  a n d  in  h y d r o c a r b o n  s o l v e n t s  w h i c h  h a v e  
a p p ro x im a te ly  t h e  s a m e  r e f r a c t i v e  i n d e x ,  ( e . g .  , n ^  , i s o p e n t a n e ,  
1 . 3 5 5 2 o P c ; e t h e r ,  1 . 3 5 2 4 ' 0Ct:; a n d  a l c o h o l ,  1 .3 6 2  1 8 *3CC) .  The 
p r e v io u s  f i g u r e ,  (Figure  13),  s h o w s  th e  e f f e c t  on  j j - h y d r o x y b e n z a l d e -  
hy d e  of  g o in g  to  a  h y d ro g e n  bo n d in g  s o l v e n t  s u c h  a s  i s o p r o p y l  a l c o h o l .  
The s o l v e n t  s h i f t ,  from 263 mu in  c y c l o h e x a n e  to  286 mu in  i s o p r o p y l  
a l c o h o l ,  i s  s m a l l e r  in  e n e rg y  t h a n  t h e  o b s e r v e d  c ry o c h ro m ic  s h i f t ,  
but  It  i s  q u i t e  a b i t  l a r g e r  t h a n  t h e  o t h e r  c ry o c h ro m ic  s h i f t s  r e p o r t e d .
The s p e c t r a  of  t h e  w a rm in g  IPMP g l a s s y  s o l u t i o n  of 2 , -h y d ro x y -  
b e n z a l d e h y d e  a re  g i v e n  in  F igu re  14, w h i c h ,  l i k e  th e  s i m i l a r  s e t  of 
c u r v e s  for o - m e t h o x y b e n z a l d e h y d e ,  I n d i c a t e s  t h a t  t h e r e  a re  a t  l e a s t  
two s p e c i e s  p r e s e n t  a t  v a r i o u s  t e m p e r a t u r e s  r a th e r  t h a n  t h a t  t h e  b a n d  
p o s i t i o n  i s  som e  c o n t i n u o u s  fu n c t io n  of t h e  t e m p e r a t u r e .  F igure  15 
g i v e s  th e  a m b ie n t  a n d  low t e m p e r a t u r e  a b s o r p t i o n  s p e c t r a  i n  EPA 
s o l u t i o n .  U n l ik e  t h e  h y d r o c a r b o n  s o l v e n t ,  t h e  a l c o h o l i c  s o l u t i o n  
e x h i b i t s  no  l a r g e  r e d  s h i f t  upon  g o in g  t o  LIN t e m p e r a t u r e . The  on ly  
e f f e c t  i s  s e e n  to  b e  a n  i n c r e a s e  in  t h e  r e s o l u t i o n  of  t h e  v i b r a t i o n a l
2 8 M .  A. E l - G a y o u m i ,  P h . D .  D i s s e r t a t i o n ,  F lo r ida  S t a t e












FIGURE 14.  ABSORPTION SPECTRA O F E.-HYDROXYBENZALDEHYDE 
IN  IPM P:
---------------  RTAS
------------------DECREASING TEMPERATURE (T < 298°K)
  • -----  DECREASING TEMPERATURE ( T «  2980K)





















s t r u c tu r e  of th e  b a n d .  The e f f e c t  of t h e  I n t e r a c t i o n  of t h e  po la r  
s o l v e n t  c a u s e s  a  red  s h i f t  of  t h e  E. T .  b a n d s ,  bu t  i t  a l s o  p r e v e n t s  
t h e  c ry o c h ro m ic  sh i f t  t h a t  o n e  o b s e r v e s  in  n o n - p o l a r  s o l v e n t .  The 
i n t e r m o l e c u l a r  h y d ro g e n  bo nd ing  in  a l c o h o l i c  s o l v e n t  p r e v e n t s  th e  
e a s y  a t t a i n m e n t  of c o p l a n a r i t y  t h a t  s e e m s  to  e x i s t  in  h y d ro c a rb o n  
s o l v e n t  a t  low t e m p e r a t u r e .
The a b s o r p t io n  s p e c t r a  of 2 , 4 - d i h y d r o x y b e n z a l d e h y d e  in  IPMP 
u nd e r  bo th  a m b ien t  a n d  low t e m p e r a tu r e  c o n d i t i o n s  a r e  p r e s e n t e d  in  
F igure  16 a lo n g  t h e  c o m p a r i s o n  s p e c t r a  of s a l i c y l a l d e h y d e .  The c r y o ­
ch ro m ic  b e h a v i o r  d i f f e r e n c e  of t h e  two E. T.  b a n d s  l o c a t e d  ca.. 270 
and  316 mu i s  r e m a r k a b l e .  The b e h a v i o r  of t h e  l o n g e r  w a v e l e n g th  
b a n d  i s  s i m i l a r  to  t h a t  of t h e  long  w a v e l e n g th  b a n d  of  s a l i c y l a l d e ­
h y d e ,  th e  p o s i t i o n  of w h ic h  it  a p p r o x i m a t e s ,  ( i . e .  , t h e r e  i s  no 
c ry o c h ro m ic  s h i f t  of n o t e ) .  The b a n d  l o c a t e d  a t  270 mu w h ic h  s e e m s  
to  c o r r e s p o n d  to  th e  E. T.  b an d  of j a - h y d r o x y b e n z a ld e h y d e  l o c a t e d  
c a . 260 mu,  e x h i b i t s  a c ry o c h ro m ic  red  sh i f t  much t h e  s a m e  a s  t h e  
c o r r e s p o n d in g  £ - h y d r o x y b e n z a l d e h y d e  b a n d .  F igure  17 c o m p a r e s  the  
c ry o c h ro m ic  s h i f t  of t h i s  b a n d  w i th  t h a t  of £ - h y d r o x y b e n z a l d e h y d e .
It b e c o m e s  e v id e n t  t h a t  t h e  tw o  lo n g e r  w a v e l e n g t h  b a n d s  of 2 , 4 -  
d i h y d r o x y b e n z a l d e h y d e  c o r r e s p o n d  to  t r a n s i t i o n s  i n v o lv i n g ,  for  one  
b a n d ,  t h e  o - h y d r o x y b e n z a l d e h y d e  c h ro m o p h o re ,  a n d  for  t h e  o t h e r ,  
t h e  j2. - h y d r o x y b e n z a ld e h y d e  c h ro m o p h o r e .  F igure  18 g i v e s  t h e  low
t e m p e r a t u r e  a b s o r p t i o n  s p e c t r u m  of s a l i c y l a l d e h y d e ,  £ - h y d r o x y -  
b e n z a l d e h y d e , a n d  2 , 4 - d ih y d r o x y b e n z a l d e h y d e  in  IPM P. H ydro gen
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FIGURE 16. ABSORPTION SPECTRA IN IPMP:
a  . -------------  RTAS OF SALICYLALDEHYDE
b  . --------------- LTAS OF SALICYLALDEHYDE
c  . ---------------RTAS OF 2,4 -DIHYDROXYBENZALDEHYDE














FIGURE 17. ABSORPTION SPECTRA IN IPMP:
a ___________ RTAS OF r -HYDROXYBENZALDEHYDE
b ___________ LTAS OF &-HYDROXYBENZALDEHYDE
c  . --------------- RTAS OF 2,4-DIHYDROXYBENZALDEHYDE
d  . ....................LTAS OF 2,4-DIHYDROXYBENZALDEHYDE












FIGURE 18. ABSORPTION SPECTRA AT 77°K IN IPMP:
-------------  SALICYLALDEHYDE
 ---------- &-HYDROXYBENZALDEHYDE





bo nd ing  s o l v e n t  d o e s  not e f f e c t  a  b a th o c h ro m ic  sh i f t  in  th e  c a s e  of  
2 ,4  - d i h y d r o x y b e n z a l d e h y d e .
C .  PHOTOCHROMISM:
The p h o to c h ro m is m  d i s c u s s e d  in  t h i s  s e c t i o n  w i l l  b e  p r im ar i ly
c o n c e r n e d  w i th  t h e  b a t h o -  and  h y p so c h ro m ic  s h i f t s  in  t h e  u l t r a v io l e t
a b s o r p t io n  s p e c t r a  u p on  i r r a d i a t i o n  w i th  u l t r a v io l e t  l ig h t  of  c o m p o u n d s
w h ic h  c o n t a i n  t h e  c o n j u g a t e d  c h e l a t e  s y s t e m .  The i r r a d i a t i o n  of t h e s e
s y s t e m s  in  c e r t a i n  low t e m p e r a tu r e  g l a s s y  s o l v e n t s  r e s u l t s  i n  a n
i n c r e a s e  in  t h e  i n t e n s i t y  of  t h e  p h o s p h o r e s c e n t  e m i s s i o n .
T h is  p h e n o m e n o n ,  f i r s t  o b s e r v e d  by  N a u m an  a n d  Mims h a s  b e e n
3 0 - ^ 2fu r the r  s t u d i e d  by Brierre  and  th e  w r i t e r .  This  i n c r e a s e  in  t h e
I n t e n s i t y  of t h e  e m i s s i o n  may b e  r e v e r s e d  by s im p ly  m el t ing  a nd  r e ­
f r e e z in g  t h e  s a m p l e .  A s e a l e d  d e g a s e d  s a m p le  w a s  i r r a d i a t e d  a t  low 
t e m p e r a tu r e  w i th  t h e  fu l l  o u tp u t  of  a 1 0 0 0  w a t t  mercury  a rc  for  ten 
h o u rs  w i th  no d e t e c t a b l e  p r o d u c t io n  of  a p e rm a n e n t  d e c o m p o s i t i o n  
p r o d u c t .  The r e v e r s i b i l i t y  of  t h e  s y s t e m  t e n d s  t o  ru le  ou t  th e  
p o s s i b i l i t y  t h a t  a n  e m i t t in g  s p e c i e s  i s  b e in g  formed by th e  p h o t o ­
d e c o m p o s i t i o n  of a n  i n i t i a l ,  n o n - e m i t t i n g  m o l e c u l e .  R e a c t i o n s  of 
t h i s  ty p e  a r e  g e n e r a l l y  no t  r e v e r s i b l e .  R e v e r s i b i l i t y ,  w h i c h  i s  a
. S .  M im s ,  o p . c l t .
31r . T .  B r ie r re ,  M . S .  T h e s i s ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,
Ba ton  R ou g e ,  1960 .
3 2 l . H .  W i l l i a m s o n ,  M . S .  T h e s i s ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  
Ba ton  R o u g e ,  1962 .
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a n e c e s s a r y  but  not  s u f f i c i e n t  c r i t e r i o n  for p h o to c h ro m is m  s u g g e s t s  
t h a t  t h e  p h o s p h o r e s c e n t  s t a t e  or  s p e c i e s  might  s h a r e  so m e  of  th e  
e x c i t e d  s t a t e  c o n f i g u r a t i o n s  a nd  m e c h a n i s m s  w h ic h  a re  u s e d  to  e x ­
p l a i n  t h e  p h o to c h ro m ic  b e h a v io r  of s im i l a r  s y s t e m s .
Brierre  s t u d i e d  t h e  r a t e  of I n c r e a s e  in  t h e  i n t e n s i t y  of t h e  p h o s ­
p h o r e s c e n c e  a s  a  fu n c t io n  o f  th e  i n t e n s i t y  of  t h e  i l l u m in a t in g  l ig h t  a n d
d e te r m in e d  t h a t  t h e  b u i l d - u p  m e c h a n i s m  i s  s e c o n d  o rd e r  w i th  r e s p e c t  to
3 3p h o t o n s .  J W i l l i a m s o n  s h o w e d  t h a t  i r r a d i a t i o n  of  s a l i c y l a l d e h y d e  p r o ­
d u c e d  a new m o le c u la r  s p e c i e s  w h i c h  h a s  a n  a b s o r p t i o n  s p e c t r u m  q u i t e  
l ik e  t h e  room t e m p e r a tu r e  sp e c t r u m  of o - m e t h o x y b e n z a l d e h y d e . An 
" a c t i o n  s p e c t r u m "  t e c h n i q u e  w a s  u s e d  to  d e m o n s t r a t e  t h a t  i t  i s  t h i s  
new a b s o r p t i o n  s y s t e m  w h i c h  g i v e s  r i s e  t o  t h e  p h o s p h o r e s c e n c e .
35Mims h a s  s u g g e s t e d  t h e  fo l lo w in g  e n e r g y  l e v e l  d i a g r a m  for t h e  s y s t e m .
The p r o c e s s  r e q u i r e s  t h e  fo l lo w in g :  (1) a b s o r p t i o n  of a  p h o to n  
by t h e  i n t r a m o l e c u l a r  h y d r o g e n  b o n d e d  m o l e c u l e ,  p ro m o t io n  to  t h e
3 3 B r i e r r e , o £ .  c i t . 
3 ^ W l l l l a m s o n ,  o p .  c i t . 
3 5 M im e ,  o p .  c i t .
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e x c i t e d  s t a t e ,  a n d  c o n v e r s i o n  to  t h e  c o n f ig u r a t io n  of  t h e  new s p e c i e s ;  
(2 ) a b s o r p t io n  of a s e c o n d  p h o to n  w h ic h  e x c i t e s  t h e  m o le c u le  to  a n  
e x c i t e d  s i n g l e t  s t a t e ,  and  c o n v e r s i o n  to  t h e  p h o s p h o r e s c e n t  t r i p l e t  
s t a t e  by i n t e r n a l  c o n v e r s i o n .  T h is  m e c h a n i s m  r e q u i r e s  a  b ip h o to n ic  
o r  s e c o n d  o rder  p h o t o c h e m i c a l  r e a c t i o n .  It  i s  d o u b t fu l  t h a t  th e  
m e c h a n i s m  i s  p u re ly  s e c o n d  o r d e r ,  b e c a u s e  t h e  m e c h a n i s m  p r o p o s e d  
d o e s  not  t a k e  in to  a c c o u n t  t h e  p o s s i b i l i t y  of a  p h o to in d u c e d  r e v e r s e  
r e a c t i o n .  This  r e v e r s e  r e a c t i o n  i s  kno w n  for many o t h e r  p h o to c h ro m ic  
s y s t e m s ,  a n d  s u c h  a r e a c t i o n  w o u ld  e n te r  in to  t h e  k i n e t i c s  o f  t h e  
m e c h a n i s m .
The new a b s o r p t io n  b a n d  of i r r a d i a t e d  s a l i c y l a l d e h y d e  w a s  
a s s i g n e d  t o  th e  n o n - i n t r a m o l e c u l a r  h y d ro g e n  b o n d e d  form a s  a  r e s u l t  
of th e  a lm o s t  e x a c t  c o r r e l a t i o n  of i t s  s p e c t ru m  w i th  t h e  room t e m p e r a ­
tu re  a b s o r p t i o n  s p e c t r u m  of o - m e t h o x y b e n z a l d e h y d e ,  a  m o le c u le  w h ic h  
i s  not i n t r a m o l e c u l a r l y  h y d ro g en  b o n d e d  u n d e r  s im i l a r  c o n d i t i o n s .  The 
c o m p a r i s o n  of t h e s e  s p e c t r a  i s  m ade  in  F igure  19.
In o rd e r  to  g a i n  a b e t t e r  u n d e r s t a n d in g  of  t h e  m e c h a n i s m  and  of 
t h e  e x c i t e d  s t a t e s  i n v o l v e d ,  fu r th e r  s tu d y  of t h e  s y s t e m  w a s  i n i t i a t e d .  
The c o n d i t i o n s  u nd e r  w h ic h  t h e  p h o t o c h e m i c a l  s t u d i e s  w e r e  c o n d u c t e d  
made  c l a s s i c a l  m e th o d s  of c o n f i g u r a t i o n a l  a n a l y s i s  q u i t e  d i f f i c u l t .
It  w a s  n e c e s s a r y  t o  s tu d y  t h e  p h o t o c h e m i s t r y  of o th e r  a ro m a t ic  
c a rb o n y l  c o m p o u n d s  i n  o rd e r  t o  b e t t e r  u n d e r s t a n d  t h e  p h o to c h e m is t r y  












FIGURE 19. a .
b .
RTAS OF o-METHOXYBENZALDEHYDE IN IPMP
LOW TEMPERATURE ACTION SPECTRUM OF SALICYLALDEHYDE IN PH
The l o w e s t  ly ing  e x c i t e d  s t a t e  of  t h e  b e n z a l d e h y d e s  i s  u s u a l l y  
t h e  ( p i* ,n )  e x c i t e d  s t a t e ;  t h e r e f o r e ,  t h e  p h o t o c h e m i s t r y  of t h e  b e n z a l d e ­
h y d e s  i s ,  in  g e n e r a l ,  t h e  c h e m i s t r y  of t h e  (p l* ,n )  e x c i t e d  s t a t e .  As a 
r e s u l t  of t h e  l o c a l i z a t i o n  of o n e  of  t h e  o r b i t a l l y  u n p a i r e d  e l e c t r o n s  in  
a n  o r b i t a l  o r t h o g o n a l  to  t h e  a n t ib o n d in g  (pi*) o r b i t a l  o c c u p i e d  by th e  
o th e r  u n p a i r e d  e l e c t r o n ,  t h e r e  i s  v e ry  l i t t l e  o v e r l a p  an d  v e ry  w e a k  
c o u p l in g  b e t w e e n  t h e  e l e c t r o n s .  T h is  r e d u c e s  t h e  e n e r g y  d i f f e r e n c e  
b e tw e e n  t h e  f i r s t  e x c i t e d  s i n g l e t  s t a t e ,  * ( p i * , n ) ,  a n d  t h e  l o w e s t  t r i p l e t  
s t a t e ,  3 ( p i * , n ) ,  a n d  b e c a u s e  of t h i s  r e d u c t i o n  of t h e  s i n g l e t - t r i p l e t  
s p l i t t i n g ,  i n t e r s y s t e m  c r o s s i n g  from th e  lo w e r  e x c i t e d  s i n g l e t  s t a t e  
t o  t h e  t r i p l e t  s t a t e  b e c o m e s  m uch  more  p r o b a b l e .  The r e s u l t  of t h i s  
i s  t h a t  m o s t  of  t h e s e  m o l e c u l e s  e m i t  by p h o s p h o r e s c e n c e  t o  th e  
e x c l u s i o n  of  f l u o r e s c e n c e .
G round  s t a t e  c o n f i g u r a t i o n s  a n d  t h e  r e a c t i v i t y  c o r r e l a t i o n s  of 
v a r i o u s  g ro un d  s t a t e  c o n f i g u r a t i o n s  a re  f a i r l y  w e l l  k n o w n ,  a n d  i n ­
fo rm at io n  a b o u t  t r a n s i t i o n s  b e t w e e n  th e  g round  s t a t e  a n d  t h e  e x c i t e d  
s t a t e s  may  be  o b t a i n e d  from s p e c t r o s c o p i c  m e a s u r e m e n t s .  This  a l l o w s  
c e r t a i n  i n f e r e n c e s  to  be  d raw n  a b o u t  e x c i t e d  s t a t e  c o n f i g u r a t i o n s ,
(d ipo le  m o m e n t s ,  pKa, e t c . ) .
The g ro u n d  s t a t e s  of c o n j u g a t e d  c h e l a t e  s y s t e m s  s u c h  a s  
s a l i c y l a l d e h y d e ,  a r e  know n  t o  be  s t a b i l i z e d  by t h e  i n t r a m o l e c u l a r  
h y d ro g e n  bond  w h ic h  m ay  m ake  p o s s i b l e  th e  fo l lo w in g  t a u t o m e r i c  
a n d  r e s o n a n c e  fo rm s .
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I II III IV
The c o n t r i b u t i o n  to  t h e  e x c i t e d  s t a t e  b y  t h e s e  v a r i o u s  r e s o n a n c e  
h y b r id s  e x p l a i n s ,  to  s o m e  e x t e n t ,  t h e  p e r t u r b a t i o n  of t h e  c h a r a c t e r i s t i c  
O - H  s t r e t c h i n g  f r e q u e n c y  o b s e r v e d  in  t h e  in f r a re d  for t h e s e  s y s t e m s .  
The z w i t t e r  i o n ,  form I I ,  may b e  e x p e c t e d  to  e x h ib i t  a s p e c t r u m  
c h a r a c t e r i s t i c  of a  p a r t ly  i o n i z e d  p h e n o l .  F igure  20 p r e s e n t s  t h e
a l c o h o l i c  s o l u t i o n  s p e c t r a  of £ - h y d r o x y b e n z a l d e h y d e  in  a c i d i c ,  n e u t r a l ,  
a n d  b a s i c  m e d i a .  The b a n d  c h a r a c t e r i s t i c  of  t h e  i o n i z e d  m o le c u le  i s  
e v i d e n t  a t  336 mu in  t h e  n e u t r a l  a l c o h o l i c  s o l u t i o n ,  s u p p r e s s e d  in  th e  
a c i d i c  s o l u t i o n ,  a nd  d o m in a n t  in  t h e  NaOH s o l u t i o n .  The lo n g e r  w a v e ­
l e n g th  b a n d  a t  336 mu of t h e  i o n i z e d  p - h y d r o x y b e n z a l d e h y d e  in  n e u t r a l  
95% e th a n o l  s h o w s  a r e m a rk a b le  r e s e m b l a n c e  to t h a t  of 2 , 4 - d ih y d r o x y  -  
b e n z a l d e h y d e . W e  might  e x p e c t  t h i s  c o m p o u n d  to  g iv e  E.  T .  a b s o r p ­
t io n  b a n d s  c h a r a c t e r i s t i c  of t h e  u n i o n iz e d  £ - h y d r o x y b e n z a l d e h y d e , 
( 4 - h y d r o x y b e n z a l d e h y d e ) , a n d  of  t h e  p a r t i a l l y  i o n i z e d  o - h y d r o x y -  
b e n z a l d e h y d e , (2 - h y d r o x y b e n z a l d e h y d e ) .
S i m i l a r ly ,  t h e  sp e c t r u m  of  d i b e n z o y l r e s o r c i n o l  e x h i b i t s  a  red  
s h i f t e d  E. T.  b a n d  a t  277 mu c h a r a c t e r i s t i c  of £ - s u b s t i t u t i o n  a n d  a  
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o - s u b s t i t u t e d  m o l e c u l e .  N e i th e r  b a n d  i s  s h i f t e d  by a c h a n g e  to  p o la r  
s o l v e n t ;  t h i s  i s  sh o w n  in  F igure  2 1 .
S a l i c y l a l d e h y d e  i s  i o n i z e d  q u i t e  r e a d i ly  in  a l k a l i n e  m ed ia  w i th  
a m arked  b a th o c h r o m ic  sh i f t  of t h e  long  w a v e l e n g t h  E. T.  b a n d  from 
326 mu in  95% e t h a n o l  to  c a .  378 mu in  a  N a O H - e t h a n o l  s o l u t i o n .
Th is  sh i f t  of ov e r  4000 c m - * i s  a c c o m p a n ie d  by a sh i f t  of  l i k e  m a g n i ­
tu d e  in  t h e  p h o s p h o r e s c e n c e  s p e c t r u m .  The s h a r p ,  c h a r a c t e r i s t i c  
c a r b o n y l  v i b r a t io n a l  s t r u c tu r e  i s  a b s e n t  from bo th  th e  p h o s p h o r e s c e n c e  
of th e  u n io n iz e d  and  th e  i o n i z e d  m o l e c u l e s .  The  s p e c t r a  a re  p r e s e n t e d  
in  F ig u re s  22 a n d  23 .  The b r igh t  y e l l o w  c o lo r  of t h e  b a s i c  s o lu t i o n  
m ust  be  d ue  to  t h e  e x i s t e n c e  of r e s o n a n c e  h y b r id s  of th e  fo l low ing  
ty p e :
Q u in o n e s  s im i l a r  to  form II a r e  b r ig h t ly  c o lo r e d  c o m p o u n d s ,  
w h i l e  so d iu m  p h e n o la t e  i s  c o l o r l e s s .  This  i s  fu r th e r  e v i d e n c e  of 
t h e  e x i s t e n c e  of form I I .  The t r a n s i t i o n  c o r r e s p o n d i n g  to  t h e  E. T.  
b a n d  a t  378 mu i n v o l v e s  t r a n s f e r  o f  e l e c t r o n i c  c h a r g e  from t h e  r ing 
to  t h e  c a r b o n y l  g r o u p .  T h is  c o r r e s p o n d s  t o  g o in g  from form I to  
form I I .  I o n i z a t i o n  of t h e  m o le c u le  a i d s  t h i s  t r a n s i t i o n ,  a n d  c o n s e ­
















































W h i l e  th e  e l e c t r o n i c  d i s t r i b u t i o n  o f  t h e  i n t e r m e d i a t e  s p e c i e s  
formed by th e  low t e m p e r a t u r e  i r r a d i a t i o n  of s a l i c y l a l d e h y d e  c a n n o t  
be  d e s c r i b e d  w i th  c e r t a i n t y ,  th e  c o n f i g u r a t i o n s  c o n t r ib u t in g  to  th e  
e x c i t e d  s t a t e  a re  l ik e ly  t o  be  among th e  fo l lo w in g :
I II
- o ' H v X3 +
III IV
M X ,
V IV VII VIII
Forms I a nd  III a re  th o u g h t  to  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e
s t a b i l i t y  of t h e  g round  s t a t e  in  t h i s  a n d  r e l a t e d  c o m p o u n d s . The more 
e n e r g e t i c  forms s u c h  a s  V, VI, a n d  VII p ro b ab ly  m ake  a  l a r g e  c o n t r i b u ­
t io n  t o  t h e  r e s o n a n c e  h ybr id  o n ly  in  t h e  e x c i t e d  s t a t e  or i t s  p r e c u r s o r s .
C o n s i d e r a t i o n  of t h e  d a t a  a v a i l a b l e  s h o u ld  a l lo w  t h e  s e l e c t i o n  
of  t h e  m ost  s u i t a b l e  d e s c r i p t i o n  or d e s c r i p t i o n s  o f  t h e  low  t e m p e r a ­
t u r e - s t a b l e  p h o s p h o r e s c e n t  s p e c i e s  formed by t h e  u l t r a v i o l e t  i r r a d i a ­
t i o n  of s a l i c y l a l d e h y d e .  Among t h e s e  d a t a ,  t h e  m os t  im p o r ta n t  from 
t h i s  s t a n d p o in t  i s  t h e  s t ro n g  c o r r e l a t i o n  b e t w e e n  t h e  low t e m p e r a t u r e
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a b s o r p t i o n  s p e c t r u m  of th e  p h o t o - i n d u c e d  9 p e c i e s  and  t h e  room 
te m p e r a tu r e  a b s o r p t i o n  s p e c t r u m  of o - m e t h o x y b e n z a l d e h y d e .  Addi­
t i o n a l l y ,  th e  a lm o s t  e x a c t  c o i n c i d e n c e  of th e  p h o s p h o r e s c e n c e  of 
t h e s e  tw o  c o m p o u n d s  s u g g e s t s  t h a t  t h e  i r r a d i a t e d  s a l i c y l a l d e h y d e  
s p e c i e s  m ust  be  in  a n o n - i n t r a m o l e c u l a r  h y d ro g en  b o n d e d  c o n f i g u r a ­
t i o n .  If th e  s t a t e  r e a c h e d  a f t e r  p h o s p h o r e s c e n c e  w e r e  t h e  i n i t i a l  
g round  s t a t e  of  h y d r o g e n  b o n d e d  m o le c u l e ,  it  s h o u ld  b e  p o s s i b l e  to  
r e v e r t  t h e  new s p e c i e s  to  t h i s  i n i t i a l  s t a t e  by i r r a d i a t i o n  of t h e  
s y s t e m  w i th  l ig h t  of t h e  w a v e l e n g th  a b s o r b e d  by th e  new  s p e c i e s  
but  not  by t h e  i n t r a m o l e c u l a r  h y d ro g e n  b o n d e d  m o l e c u l e .  This  w o u ld  
r e s u l t  in  th e  b l e a c h i n g  of t h e  new s p e c t ru m  by l ig h t  of a  w a v e l e n g th  
d i f f e r e n t  from t h a t  u s e d  to  form t h e  new s p e c i e s .  This  b l e a c h i n g  is  
common in  many r e p o r t e d  p h o to ch ro m ic  s y s t e m s .  In t h i s  c a s e ,  h o w ­
e v e r ,  it  w o u ld  c o r r e s p o n d  to  t h e  r e e s t a b l i s h m e n t  of  t h e  i n t r a m o l e c u l a r  
h y d ro g e n  b o n d ,  a  v e ry  im p ro b a b le  r e a c t i o n  for t h e  h ig h ly  e n e r g e t i c  
^ ( p i * ,n )  e x c i t e d  s t a t e .
The a t t a i n m e n t  of  t h e  q u in o id a l  c o n f i g u r a t i o n s ,  (V, VI, VIII), i s  
e n e r g e t i c a l l y  q u i t e  f e a s i b l e  in t h e  e x c i t e d  s t a t e .  R e g a r d l e s s  of w h ic h  
e x c i t e d  s t a t e , (pi* , p i ) , e t c . ,  i t  e x c i t e d  i n i t i a l l y , i n t e r n a l  c o n v e r s i o n  
in  t h e s e  c o m p o u n d s  w i l l  r e s u l t  in  t h e  v e ry  ra p id  c o n v e r s i o n  to  th e  
( p i * ,n )  e x c i t e d  s t a t e ,  t h e  l o w e s t  e x c i t e d  s t a t e . 3® M u ch  of  t h e
36R. S .  B e c k e r ,  L- P h v s . C h e m . . 69^ 1435 (19 65 ) .
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e n e rg y  of t h e  a b s o r b e d  p h o to n  (ga.. 94 k c a l / m o l e  In  t h e  c a s e  of 300 mu
l igh t )  w i l l  b e c o m e  c o n c e n t r a t e d  p r im a r i ly  on  t h e  c a r b o n y l  c h ro m op ho re
d u e  to  th e  l o c a l i z e d  n a tu r e  of t h e  (p i* ,n )  e x c i t e d  s t a t e .  The  i n c r e a s e d
r e a c t i v i t y  of t h e  e x c i t e d  s t a t e  may r e s u l t  in  a  p ro ton  t r a n s f e r  s i m i l a r  to
t h a t  in  t h e  m e c h a n i s m  p r o p o s e d  by W e l l e r  for v a r i o u s  s a l i c y l i c  a c i d  
37s y s t e m s .  T h is  w o u ld  l e a d  to  p a r t i c i p a t i o n  of  t h e  q u i n o i d a l  a n d  
t a u to m e r i c  fo rm s V, VI a n d  p o s s i b l y  VII in  t h e  s t a b i l i z a t i o n  of t h e  
e n e rg y  r ich  e x c i t e d  s t a t e .  D i s r u p t io n  o r  b r e a k in g  of t h e  h y d ro g e n  bond  
in  s u c h  e x c i t e d  s t a t e s  s h o u l d  b e  q u i t e  e a s i l y  a c c o m p l i s h e d  du r ing  t h e  
p r o c e s s  of  e x t e r n a l  c o n v e r s i o n  n e c e s s a r y  t o  d e g r a d e  t h e  e n e r g y  v i b r a -  
t i o n a l l y  t o  t h e  su r ro u n d in g  s o l v e n t  g l a s s .  The s t a t e  i n v o lv e d  i s  more 
t h a n  l i k e l y  t h e  (p l* ,n )  t r i p l e t  s t a t e  b e c a u s e  of i t s  r e l a t i v e l y  long 
l i f e t im e  c o m p a r e d  to  t h e  l i f e t im e  of  t h e  *(pi* , n) e x c i t e d  s i n g l e t  s t a t e .  
It  i s  t h i s  l a t t e r  s t a t e  w h ic h  i s  i n d i c a t e d  in  t h e  m e c h a n i s m  p r o p o s e d  by 
Mims .3®
A m o le c u le  e x p e c t e d  to  r e s e m b l e  s a l i c y l a l d e h y d e  s t r o n g ly  in  
i t s  e l e c t r o n i c  b e h a v i o r  i s  o - h y d r o x y a c e t o p h e n o n e , t h e  c o m p o u n d  in  
w h ic h  t h e  a l d e h y d ic  h y d ro g e n  of s a l i c y l a l d e h y d e  h a s  b e e n  r e p l a c e d  
by a  m e th y l  g r o u p .  The i n f lu e n c e  of t h e  m e th y l  g roup  i s  t h e  c o m b i n a ­
t i o n  of a n  i n d u c t i v e  e f f e c t  an d  of a  s t e r i c  e f f e c t  d u e  to  t h e  s t e r i c
^ A .  W e l l e r .  Z .  fur E l e c t r o c h e m . . 6 0 .  1144 (19 56 ) .  
®®Mims, o p . c i t .
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r e q u i r e m e n t  o f  t h e  bu lk y  m ethy l  g r o u p .  F ig u re  24 g i v e s  t h e  a m b ien t  
a n d  low t e m p e r a t u r e  a b s o r p t i o n  s p e c t r u m  of o - h y d r o x y a c e t o p h e n o n e ;  
a l s o  p r e s e n t e d  i s  t h e  e f f e c t  of  i r r a d i a t i o n  in  t h e  IPMP g l a s s y  s o l u t i o n .  
The p h o s p h o r e s c e n c e  s p e c t r u m  in  3 - M P  i s  g i v e n  in F igu re  2 5 .
I r r a d i a t i o n  a t  LIN t e m p e ra tu re  , w h i c h  r e s u l t s  i n  t h e  d i s r u p t io n  of 
t h e  i n t r a m o l e c u l a r  h y d ro g e n  bond  in  s a l i c y l a l d e h y d e ,  c a u s e s  t h e  d i s ­
a p p e a r a n c e  of t h e  long w a v e l e n g t h  p e ak  (258 mu) from t h e  250 mu b a n d  
of t h e  o - h y d r o x y a c e t o p h e n o n e  s p e c t r u m .  T h is  c o r r e s p o n d s  to  t h e  
b r e a k in g  of t h e  i n t r a m o l e c u l a r  h y d ro g e n  b o n d  a c c o r d i n g  to  t h e  i n t e r p r e ­
t a t i o n  of t h e  s y s t e m  a s  g i v e n  in  th e  p r e c e d i n g  s e c t i o n .  The d i s a p ­
p e a r a n c e  of t h e  t w o - p e a k e d  s t r u c t u r e  in  h y d r o x y l i c  s o l v e n t  i s  a l s o  
u n d e r s t a n d a b l e  on  t h i s  b a s i s .  In  a l c o h o l  t h e  i n t e r m o l e c u l a r  h y d ro g en  
b o n d in g  s u c c e s s f u l l y  c o m p e te s  w i t h  t h e  i n t r a m o l e c u l a r  h y d ro g e n  b o n d ­
i n g .  U po n  i r r a d i a t i o n ,  t h e  long w a v e l e n g t h  b a n d  l o c a t e d  £ a .  330 mu 
s h i f t s  s im i l a r ly  ( i . e .  , b l u e  s h i f t ) ,  bu t  t h e r e  i s  a l s o  a  b r o a d e n i n g  of 
t h e  b a n d  b e c a u s e  o f  t h e  a p p a r e n t  c o m p le x  c o m p o s i t i o n  of  th e  b a n d  
(it c o r r e s p o n d s  to  more t h a n  o n e  t y p e  of t r a n s i t i o n - - t h e r e f o r e  t h e  
s o l v e n t  s h i f t  may b e  d i f f e r e n t  for t h e  d i f f e r e n t  t r a n s i t i o n s ) . Ju s t  a s  
in  t h e  c a s e  of s a l i c y l a l d e h y d e ,  i r r a d i a t i o n  of  o - h y d r o x y a c e t o p h e n o n e  
in  g l a s s y  h y d r o c a r b o n  s o l u t i o n  r e s u l t s  i n  a n  i n c r e a s e  in  t h e  i n t e n s i t y  
o f  t h e  p h o s p h o r e s c e n c e .  Q u a l i t a t i v e l y ,  t h e  b u i l d - u p  s e e m s  to  be  


























FIGURE 25 . PHOSPHORESCENCE SPECTRUM OF o  ̂ HYDROXY -  
ACETOPHENONE IN 3 - M P  a t  77°K
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The m e t a - i s o m e r ,  3 ' - h y d r o x y a c e t o p h e n o n e , i s  a  p o s s i b l e  r e f e r e n c e  
c o m p o u n d . U s  c ry o c h ro m ic  b e h a v io r  a n d  s o l v e n t  s h i f t  h a v e  b e e n  p r e ­
s e n t e d  e a r l i e r .
S a l i c y l i c  a c i d ,  t h e  m o le c u le  in  w h ic h  t h e  a l d e h y d i c  h y d ro g en  of 
t h e  s a l i c y l a l d e h y d e  c a r b o n y l  g roup  h a s  b e e n  r e p l a c e d  by  a  hyd rox y l  
g r o u p ,  g i v e s  a  t y p i c a l  t h r e e - b a n d e d  s p e c t r u m  in  th e  u l t r a v i o l e t  w i th  
b a n d s  l o c a t e d  c a .  21 0 ,  235 a n d  305 mu in  EPA. S e e  F igure  2 6 .  In EPA, 
th e r e  i s  l i t t l e  c h a n g e  in  th e  s p e c t r u m  upon  g o in g  to  LIN t e m p e r a tu re  
o th e r  t h a n  an  i n c r e a s e  in t h e  r e s o l u t i o n  of t h e  v i b r a t i o n a l  s t r u c tu r e  and  
a s l i g h t  b a th o c h ro m ic  s h i f t .  I r r a d i a t io n  p r o d u c e s  on ly  a  s m a l l  b lue  
s h i f t  in  t h e  s p e c t r u m ,  but  t h e r e  i s  e v i d e n c e  of so m e  p h o to d e c o m p o s i t i o n  
w h i c h  y i e l d s  h e x a t r i e n e s .  T h is  p h o t o c h e m i c a l  r e a c t i o n  w i l l  be d i s ­
c u s s e d  in  d e t a i l  l a t e r .  The long  w a v e l e n g t h  b a n d  in  IPMP i s  l o c a t e d  
a t  th e  s a m e  w a v e l e n g t h  a s  a s h o u l d e r  on t h e  s a m e  band  in  EPA a t  LIN 
t e m p e r a t u r e .  S ee  Figure  2 7 .  In t h i s  c a s e ,  t h e  s t r o n g  i n t r a m o l e c u l a r  
h y d ro g en  bond ing  p r e s e n t  in  IPMP s o lu t io n  i s  d i s r u p t e d  to  som e  e x te n t  
by th e  c o m p e t i t io n  of t h e  p o l a r  s o l v e n t ,  EPA. I r r a d i a t i o n  a t  low 
t e m p e r a t u r e  p r o d u c e s  a  b lu e  s h i f t - - i n t e r p r e t e d  a s  th e  d i s r u p t io n  of  
t h e  i n t r a m o l e c u l a r  h yd ro g en  b o n d .  The E. T .  b a n d  l o c a t e d  c a .  240 mu 
in IPMP e x h i b i t s  a  r e d  c ry o c h ro m ic  s h i f t  a n d  a  h y p s o c h r o m ic  s h i f t  (back  
to  i t s  o r i g in a l  p o s i t i o n  w i th  t h e  n e t  l o s s  of th e  s p l i t t i n g  o f  t h e  peak )  
u p o n  i r r a d i a t i o n .  The e f f e c t  of l ig h t  a b s o r p t io n  s e e m s  to  be  t o  r e v e r s e  










FIGURE 2 6 .  ABSORPTION SPECTRA OF 
























i n t e n s i t y  i n c r e a s e s  u p on  i r r a d i a t i o n  in  h y d ro c a rb o n  s o l v e n t ,  b u t  
th e r e  i s  on ly  a  s l i g h t  b u i l d - u p  in  a l c o h o l i c  s o l v e n t  (EPA). The 
p h o s p h o r e s c e n c e  i s  p r e s e n t e d  in  F igure  2 8 .
The p h o s p h o r e s c e n c e  i s  n o t  c h a r a c t e r i s t i c  of a n  a r o m a t i c  c a r b o n y l  
c o m p o u n d .  S a l i c y l i c  a c i d ,  u n l ik e  m o s t  o th e r  p h e n y l  c a r b o n y l  co m p o u n d s  
w h ic h  em it  p h o s p h o r e s c e n c e  to  th e  e x c l u s i o n  of f l u o r e s c e n c e ,  h a s  
s e v e r a l  f l u o r e s c e n c e s - - d e p e n d i n g  u p o n  th e  p a r t i c u l a r  m o le c u l a r  e n v i r o n ­
m e n t .  T h e s e  d a t a ,  p l u s  th e  f a c t  t h a t  i t  i s  p h o t o ly t i c l y  d e c o m p o s e d  upon  
i r r a d i a t i o n  a t  low t e m p e r a t u r e ,  m ake  i t  a  r a t h e r  a t y p i c a l  c o n j u g a t e d  
c h e l a t e  c o m p o u n d .  The a b n o rm a l  S t o k e s  s h i f t  of i t s  f l u o r e s c e n c e  h a s
b e e n  e x p l a i n e d  by W e l l e r ,  a n d  t h e  e f f e c t  of  t e m p e r a tu r e  a n d  i r r a d i a t i o n
3 9 , 4 0
h a s  b e e n  d i s c u s s e d  by  M i m s .  The s t r e n g t h  of th e  i n t r a m o l e c u l a r
h y d ro g en  bond  a p p a r e n t l y  l e a d s  t o  n e a r l y  c o m p le t e  c h e l a t i o n  and c o n ­
v e r s i o n  to  t h e  z w i t t e r  io n  a t  LIN t e m p e r a t u r e .  W e l l e r  h a s  a t t r i b u t e d  
th e  b lu e  (452 mu) f l u o r e s c e n c e  to  t h i s  i o n .  T h is  ion  w o u ld  n o t  be 
e x p e c t e d  t o ,  a n d  d o e s  n o t ,  y i e l d  a p h o s p h o r e s c e n c e  w i th  th e  c h a r a c ­
t e r i s t i c s  of a c a r b o n y l - l o c a l i z e d  p i*  -  n t r a n s i t i o n .
5 - C h l o r o - 2 - h y d r o x y b e n z o p h e n o n e  e x h i b i t s  a  s low  b u i l d - u p  of 
t h e  b lu e  p h o s p h o r e s c e n c e  in  3 -M P  up o n  i r r a d i a t i o n .  The a b s o r p t i o n  
s p e c t r u m  o f  t h i s  com p o u n d  i s  g iv e n  in  F igu re  29 a n d  i t s  p h o s p h o r e s c e n c e  
in  F igure  3 0 .  The e m i s s i o n  in  a l c o h o l i c  s o l v e n t  i s  i m m e d ia t e .
S ^ W e l l e r ,  o p . c l t . 







FIGURE 28 . PHOSPHORESCENCE SPECTRA 













FIGURE 29 . ABSORPTION SPECTRA OF S-C H LO R O - 
2 -HYDROXYBENZOPHENONE IN IPMP:
—  RTAS










FIGURE 3 0 .  PHOSPHORESCENCE SPECTRUM 
OF 5 -CHLORO-2-HYDROXYBENZOPHE- 
NONE IN 3 -M P  AT 77°K
C l
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t -B u ty l  s a l o l ,  £ - ( t - b u ty l ) p h e n y l  s a l i c y l a t e ,  h a s  s p e c t r a  w h ic h  
e x h ib i t  v e ry  l i t t l e  sh i f t  w hen  th e  s o lv e n t  i s  c h a n g e d  from n o n -p o la r  
to  p o la r  s o lv e n t .  T h ese  s p e c t r a  a re  g iv e n  in  F igure  31 . There i s  
som e i n i t i a l  i n t e n s i ty  of p h o s p h o r e s c e n c e ,  but th i s  b lue  e m is s io n  
i n c r e a s e s  in  i n t e n s i ty  upo n  i r r a d ia t io n  in  IPMP a t  low te m p e ra tu re .
T his  p h o s p h o r e s c e n c e  sp e c tru m  is  g iv en  in  F igure  32 .
D .  HOMOLYTIC FISSION OF PHENYL-AROMATIC CARBOXYLIC 
ACID ESTERS:
P h o to ly s is  o f  c a rb o n y l  com pounds f re q u e n t ly  r e s u l t s  in  p h o to ly t ic
bond d i s s o c i a t i o n  th a t  o f ten  in v o lv e s  one  o r more of th e  b o n d s  to  the
c a rb o n y l  g ro u p .  T his  b e h a v io r  h a s  b e e n  s tu d ie d  q u i te  e x te n s iv e ly  in  
41th e  g a s  p h a s e .
The low  qu an tum  y ie ld s  of p rim ary  p h o to ly t ic  bond d i s s o c i a t i o n  
p r o c e s s e s  of a ro m a tic  co m po und s  an d  th e  d i f f ic u l ty  in  th e  a n a l y s i s  o f  
th e  co m p lex  p ro d u c ts  h a s  h in d e re d  th e  s tu d y  an d  th e  id e n t i f i c a t io n  of 
th e  in te r m e d ia te s  and  th e  m e c h a n ism s  in v o lv e d .  Norman and  Porte r  
h a v e  s tu d ie d  th e  p h o to ly t ic  d i s s o c i a t i o n  of to lu e n e  and  r e l a te d  m o le ­
c u le s  a t  low  te m p e ra tu re  in  r ig id  m e d i a . ^  The a ro m a tic  free  r a d i c a l s  
r e s u l t in g  from th e  p h o to c h e m ic a l  d i s s o c i a t i o n  w e re  t r a p p e d  in  th e  r ig id  
s o lv e n t  m a tr ix  a n d  w ere  o b s e rv e d  s p e c t r o s c o p i c a l l y .  The m atrix
41 W . A. N o y e s ,  J r . ,  e t ,  a l . .  A d v a n ce s  in  P h o to c h e m is t ry .
V ol. .1, I n t e r s c i e n c e  P u b l i s h e r s ,  N ew  York (1963).
4 2 J .  N orm an , an d  G .  P o r te r ,  P r o c . of Royal S o c . , A 23 0 . 399













FIGURE 3 1. ABSORPTION SPECTRA OF £.-(t-BUTYL) PHENYL 
SALICYLATE AT AMBIENT TEMPERATURE:
CYCLOHEXANE 
ISOPROPYL ALCOHOL
FIGURE 3 2 .  PHOSPHORESCENCE SPECTRUM 
OF 2 . - (t-BUTYL) PHENYL SALICYLATE *  




i s o l a t i o n  t e c h n iq u e  i s  more u s e f u l  th a n  g a s  or l iq u id  p h a s e  s tu d i e s  
for th e  id e n t i f i c a t i o n  of r a d i c a l  s p e c i e s  a n d  for th e  s tu d y  of p rim ary  
p h o to c h e m ic a l  p r o c e s s e s  b e c a u s e  m o s t  s e c o n d a ry  r e a c t i o n s  a re  
e l im in a te d .  The l a t t e r  t e c h n iq u e s  in  th e  g a s  a n d  l iq u id  p h a s e  a re  
n e c e s s a r y  for th e  in te r p r e t a t i o n  of th e  k i n e t i c s  o f th e  r a d i c a l  r e a c t i o n s .
P rim ary  d i s s o c i a t i o n  p r o c e s s e s  in c lu d e  ring  f i s s i o n  ( e . g . ,  fo rm a ­
t io n  of s u b s t i t u t e d  h e x a t r i e n e s  by th e  p h o to ly s i s  of to lu e n e  a n d  r e l a te d
m o le c u le s ,  ^  e le c t r o n  e j e c t i o n  ( p h o to - o x id a t io n  e n c o u n te re d  p r im a r ily
44for b a s i c  m o le c u le s  in  p o la r  g l a s s e s ) ,  an d  s i d e - c h a i n  d i s s o c i a t i o n  
r e a c t i o n s .
The s t a b i l i t y  of th e  t r a p p e d  p rim ary  p h o to ly t ic  d i s s o c i a t i o n  
p ro d u c ts  i s  d e p e n d e n t  more upo n  th e  te m p e ra tu re  th a n  upon  th e  m a c ro ­
s c o p ic  r ig id i ty  of th e  m a t r ix .  P o r te r  an d  c o -w o r k e r s  found  th a t  i t  i s  
n e c e s s a r y  to  w ork a t  low  te m p e ra tu re  ( c a . 77°K) in  o rd e r  to  s t a b i l i z e
th e  r a d i c a l s  p ro d u c e d  e v e n  if  th e  m a tr ix  u s e d  ( e . g . ,  p o ly m e th y m e th -
45a c r y la te )  i s  r ig id ,  in  th e  u s u a l  s e n s e ,  a t  room te m p e r a tu re .  The 
lo w er  te m p e ra tu re  d e c r e a s e s  th e  r a te  of d i f f u s io n  in  th e  m a tr ix  a n d  
r e d u c e s  t h e  r a te  of c h e m ic a l  r e a c t io n s  w h ic h  h a v e  a  f in i te  a c t iv a t io n  
e n e r g y .  The te m p e ra tu re  a l s o  a f f e c t s  th e  r ig id i ty  of th e  s o lv e n t  g l a s s ;
A  O
G . E . G ib s o n ,  N orm an  B la k e ,  a n d  M ax  Kalm. I .  C h e m . P h y s . ,  
2 1 ,  1000 (1 9 5 3 ) .
44 G . N . L e w is ,  a n d  M . K a s h a .  T. Am. C h e m . S o c . . 6 6 ., 2100
(1 9 4 4 ) .
45 G . P o r te r ,  a n d  E. S t r a c h a n ,  S p e c tro c h lm  A c ta .  . 1 2 , 299 (1 9 5 8 ) .
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if  th e  r ig id i ty  i s  to o  g r e a t ,  th e  m o le c u la r  f r a g m e n ts  w i l l  n o t  s e p a r a t e  
s u f f i c i e n t ly  to  p re v e n t  t h e i r  Im m e d ia te  r e c o m b in a t io n  or som e o th e r  
s e c o n d a r y  r e a c t io n  m ay o c c u r .
The i r r a d ia t io n  of m o le c u le s  w i th  u l t r a v io l e t  l ig h t  u n d e r  t h o s e  
c o n d i t io n s  t h a t  a re  n e c e s s a r y  for th e  m e a s u re m e n t  of e m i s s io n  (low  
te m p e ra tu re  an d  i n t e n s e  i l lu m in a t io n  a n d  e x c i ta t io n )  or u n d e r  so m e w h a t  
more s t r e n u o u s  c o n d i t io n s  l e a d s  to  so m e  d e g re e  of p h o to ly s i s  in  t h o s e  
m o le c u le s  w h ic h  a r e  n o t  i n n a t e ly  s t a b i l i z e d  or s t a b i l i z e d  by th e  e n ­
v iro n m e n t  (by e f f i c i e n t  e n e rg y  t r a n s f e r  to  s u r r o u n d in g s ) .  S ta b i l i ty  
m ay be  a c h ie v e d  if  th e r e  i s  a v a i l a b l e  fo r p ro m o tio n  a s t a b l e ,  s u f f i ­
c i e n t ly  e n e r g e t i c  e x c i t e d  s t a t e  c o n f ig u ra t io n  w h ic h  w i l l  a l lo w  th e  
ra p id  a s s i m i l a t i o n  a n d  d i s s i p a t i o n  of a b s o r b e d  p h o to n ic  e n e r g y .
S ta b i l i z a t i o n  m ay be  a f fo rd e d  a ro m a t ic  c a rb o n y l  s y s te m s  b y  th e  
s u b s t i t u t i o n  o f c e r t a in  g ro u p s  ( e . g . ,  -O H ) c a p a b le  of form ing a s i x -  
m em b ered  p s e u d o - c o n j u g a t e d  r ing  in v o lv in g  an  in t r a m o le c u la r  h y d ro ­
g e n  bond  in  a  p o s i t io n  o r th o  to  th e  c a rb o n y l  g ro u p .  The in t r a m o le c u la r  
h y d ro g e n  bond s t a b i l i z e s  th e  m o le c u le  th ro u g h  th e  fo rm a tio n  of th e  
p s e u d o - c o n j u g a te d  r ing  w h ic h  m a k e s  p o s s i b l e  th e  c o n t r ib u t io n  of 
v a r io u s  r e s o n a n c e  a n d  ta u to m e r ic  form s to  th e  r e s o n a n c e  h y b rid  
w h ic h  d e s c r i b e s  th e  g ro u n d  s t a t e .  The s t a b i l i z a t i o n  of t h e  m o le c u le  
in  th e  e x c i t e d  s t a t e  p ro b a b ly  In v o lv e s  p ro to n  t r a n s f e r  in  th e  e x c i t e d  
s t a t e  s im i la r  to  th e  m e c h a n ism  p ro p o s e d  by W e l le r .^ ®  The e th e r s  of
46
A. W e l l e r ,  N a t u r w l s s e n s c h a f t e n . 4 2 . 175 (1 9 5 5 ) .
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s a l i c y l i c  a c id  d o  no t e x h ib i t  th e  a b n o rm a lly  la rg e  S to k e s  s h i f t  
o b s e rv e d  for s a l i c y l i c  a c id  an d  i t s  e s t e r s .  The p ro p o se d  m e c h a n ism  
in v o lv e s  th e  fo rm a t io n  of a  z w i t t e r  io n  in  th e  e x c i t e d  s t a t e ,  a n d  t h i s  
to p ic  h a s  b e e n  d i s c u s s e d  in  so m e  d e t a i l  e a r l i e r .  As a  r e s u l t  of th e  
s t a b i l i t y  of th e  o - h y d r o x y - s u b s t i t u t e d  m o le c u le s  w ith  r e s p e c t  to  u l t r a ­
v io le t  r a d i a t i o n ,  som e of t h e s e  c o m p o u n d s  a re  u s e d  a s  e n e rg y  d e g ra d e r s  
to  p r o te c t  p l a s t i c s  an d  f a b r i c s  from p h o to d e g r a d a t io n .
M o le c u le s  in  w h ic h  th e  c h a r a c t e r  of th e  lo w e s t  e x c i t e d  s t a t e  i s  
( p i* ,p i )  do  no t e x h ib i t  th e  h ig h  r e a c t i v i t y  in  c e r t a in  t y p e s  of p h o to ­
c h e m ic a l  r e a c t i o n s  s u c h  a s  p h o to re d u c t io n  th a t  i s  found  for t h o s e  
c o m p o u n d s  in  w h ic h  th e  l o w e s t  e x c i t e d  s t a t e  i s  ( p i * ,n ) .  Ham m ond 
a t t r i b u t e s  th e  low  r e a c t i v i t y  of n a p h th o y l  c o m p o u n d s  in  p h o to re d u c t io n  
to  th e  f a c t  th a t  t h e i r  l o w e s t  t r i p l e t  s t a t e  h a s  ^ ( p i* ,p i )  c o n f ig u r a t io n ,  
w h e r e a s  th e  lo w e s t  t r i p l e t  of e a s i l y  p h o to re d u c e d  c a rb o n y l  co m p o u n d s  
h a v e  th e  ^ ( p i* ,n )  c o n f i g u r a t i o n . ^ 7
In th e  a b s e n c e  of s t a b i l i z a t i o n ,  a ro m a t ic  c a rb o n y l  c o m p o u n d s  
s u f fe r  p h o to d e c o m p o s i t io n .  The p rim ary  p ro d u c ts  r e a c t  w i th  o th e r  
m o le c u le s  to  g iv e  c o m p le x  s e r i e s  of r e c o m b in a t io n ,  o x id a t io n  and  
p h o to re d u c t io n  p r o d u c t s .  An e x a m p le  o f  th e  a b s o r p t io n  sp e c t ru m  of 
s u c h  a  s y s te m  i s  i l l u s t r a t e d  in  F igu re  33 fo r  p h e n y l  s a l i c y l a t e  a f te r  
i r r a d ia t io n  a t  low  t e m p e r a tu r e .
^ 7 G . S .  H am m on d , a n d  P . A. L e e r m a k e r s , T. A m . C h e m . S o c . . 
84.* 2 0 7 (1 962 ) .
FIGURE 33. LOW TEMPERATURE ABSORPTION SPECTRUM 
OF PHENYL SALICYLATE IN IPMP AFTER 
IRRADIATION
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WAVELENGTH (mu)
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The low te m p e ra tu re  a b s o r p t io n  sp e c tru m  of p h e n y l  b e n z o a te  
u n d e rg o e s  a  r e m a r k a b le ,  r e v e r s ib l e  b a th o c h ro m ic  sh i f t  a s  th e  r e s u l t  
of i r r a d i a t i o n .  F igure  34 sh o w s  th e  a b s o r p t io n  of th e  y e l lo w  s p e c i e s  
w h ic h  d e v e lo p s  in  th e  p r e v io u s ly  c o lo r l e s s  g l a s s y  s o lu t io n .  The 
y e llo w  c o lo r  f a d e s  s lo w ly  u pon  w a rm in g , bu t th e  r e a c t io n  i s  no t 
c o m p le te ly  r e v e r s i b l e .  T here  a re  som e p e rm a n e n t  c h a n g e s  in  th e  
u l t r a v io l e t  s p e c t ru m ,  bu t th e  y e l lo w  c o lo r  i s  no t  p e rm a n e n t .
As th e  c o lo r  a p p e a r s  u pon  i r r a d ia t io n ,  th e re  i s  a  c h a n g e  in  th e  
e m is s io n  s p e c t r u m — a b a n d  a p p e a r s  a t  510 m u. S e e  F igure  3 5 .  I t  i s  
lo c a te d  a t  a p p ro x im a te ly  th e  sa m e  w a v e le n g th  a s  th e  band  w h ich  
a p p e a r s  u p o n  th e  i r r a d ia t io n  of p h e n y l  a c e t a t e  u n d e r  th e  sa m e  c o n d i ­
t i o n .  The v ib r a t io n a l  s t r u c tu r e  of th e  long w a v e le n g th  e m is s io n  i s  
b e n z o i d - l i k e , w h i le  th e  o r ig in a l  band  e x h ib i t s  c h a r a c t e r i s t i c  c a rb o n y l  
v ib r a t io n a l  s p l i t t i n g .
Both th e  I n i t i a l  a n d  th e  p h o to c h e m ic a l ly  in d u c e d  e m is s io n s  
(d e c o m p o s i t io n  p ro d u c ts )  of p h e n y l  a c e t a t e  a re  b e n z e n e - l i k e  ( i . e . ,  th e  
v ib r a t io n a l  s t r u c tu r e  i s  c h a r a c t e r i s t i c  of th e  p h e n y l  c h ro m o p h o re ) . 
T h e se  a re  g iv e n  in  F igu re  3 6 .
I r r a d ia t io n  of p h e n y l  s a l i c y l a t e  y i e ld s  a new  band  s y s te m  s im i la r  
to  t h a t  o b ta in e d  from th e  i r r a d ia t io n  o f p h e n y l  b e n z o a te  or p h e n y l  
a c e t a t e .  The i r r a d ia t io n  of co m p o u n d s  s u c h  a s  m e th y l  s a l i c y l a t e ,  
e th y l  s a l i c y l a t e ,  i i - b u ty l  s a l i c y l a t e  a n d  m e th y l b e n z o a te  w h ic h  c o n ­
t a in  no  p h e n y l  g ro up  d id  n o t  p ro d u c e  a s tro n g  b ro ad  b a n d  to  th e  red  of 
th e  o r ig in a l  a b s o r p t io n  sp e c t ru m  l ik e  th a t  o b s e rv e d  for p h e n y l
FIGURE 3 4 .  ABSORPTION SPECTRA OF PHENYL 
BENZOATE:
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FIGURE 35 . EMISSION SPECTRA OF PHENYL BENZOATE IN EPA AT 
77°K:
---------------  PHOSPHORESCENCE








FIGURE 3 6 . PHOSPHORESCENCE SPECTRA 







s a l i c y l a t e ,  p h e n y l  b e n z o a te  an d  p h e n y l  a c e t a t e .  F igure  3 7 s h o w s  a
ty p ic a l  sp e c t ru m  o b ta in e d  a f t e r  i r r a d ia t io n  of one  o f  th e  c o m p o u n d s
w h ich  i s  no t  a  p h e n y l  e s t e r .  F igu re  38 p r e s e n t s  the  p h o to in d u c e d
b a n d s  for th e  l a t t e r  g roup of m o le c u l e s .  In g l a s s y  h y d ro ca rb o n
s o l v e n t ,  th e  b an d  s y s te m  of th e  i r r a d ia t e d  p h e n y l  s a l i c y l a t e  e x h ib i te d
v e ry  n e a r ly  th e  sa m e  v ib r a t io n a l  s p l i t t i n g  t h a t  h a s  b e e n  re p o r te d  for
48th e  p h e n o x y l  f ree  r a d i c a l .  T he  c o m p a r is o n  o f th e  s p e c t r a  i s  m ade 
in  F igure  3 9 .  The a g re e m e n t  o f th e  v ib r a t io n a l  s p l i t t i n g  m ay be 
f o r tu i to u s ,  for th e re  s e e m s  to  be a d i s p a r i t y  in  th e  r e l a t i v e  p e a k  
h e i g h t s .  This may r e s u l t  b e c a u s e  th e  n ew  b an d  s y s te m  of p h e n y l  
s a l i c y l a t e  i s  d u e  to  th e  s u p e r p o s i t io n  o f  th e  a b s o r p t io n  of s e v e r a l  
m o le c u la r  s p e c i e s .
C o m p a r iso n  of th e  new  b an d  s y s te m s  for p h e n y l  s a l i c y l a t e  a n d  
p h e n y l  b e n z o a te  a s  w a s  d o n e  in  F igure  38 sh o w s  a  s m a l l  com m on b and  
s y s te m  lo c a te d  c a .  3 1 0 -3 2 0  m u. A lthough  th i s  b and  i s  m is s in g  from 
th e  s p e c t ru m  of i r r a d ia t e d  p h e n y l  a c e t a t e ,  i t  w a s  n o t  p o s s i b l e ,  on  th e  
b a s i s  of t h e s e  d a t a ,  to  s p e c u l a t e  on  i t s  o r ig in .  A new  p h o s p h o r e s c e n c e  
b an d  a r i s e s  u p o n  i r r a d ia t io n  of p h e n y l  s a l i c y l a t e ;  i t  i s  l o c a te d  c a .
500 m u . The r e l a t i v e  I n t e n s i ty  of t h i s  n ew  b and  i n c r e a s e s  a s  th e  
g l a s s  m e l t s ;  t h i s  m ay in d ic a t e  t h a t  i t  a r i s e s  from som e s e c o n d a r y  r e ­
a c t io n  p r o d u c t .  F ig u re  40 g iv e s  t h e s e  p h o s p h o r e s c e n c e  s p e c t r a .
4®G. P o r te r ,  a n d  E. J .  L and , I n te r n a t io n a l  Sym posium  on F ree  









FIGURE 37 . ABSORPTION SPECTRA OF ETHYL 















FIGURE 38 . LOW TEMPERATURE ABSORPTION SPECTRA AFTER 
IRRADIATION AT 77<>K:
a . -------------- PHENYL SALICYLATE IN 3 -M P
b  . ------------- PHENYL ACETATE IN IPMP








FIGURE 39. ABSORPTION SPECTRA: 
a .  ---------
b .
c .
ILTAS OF PHENYL SALICYLATE 
IN 3-M P
ILTAS OF PHENYL SALICYLATE, 
IN EPA
RTAS* OF THE PHENOXYL '  


















. P o rte r ,  and E. J .  Land, 
In te rn a tio n a l  SvmDOSiuin on Free 
R a d ic a l s . 5 th ,  U p p s u la , 1961 ,











FIGURE 4 0 .  PHOSPHORESCENCE SPECTRA OF PHENYL SALICYLATE 
IN EPA:
IRRADIATED, (77°K)
IRRADIATED, MELTING SOLVENT GLASS
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In an  a t te m p t  to  d e te rm in e  if  p ro ton  a b s t r a c t i o n  from th e  s o lv e n t  
i s  in v o lv e d  in  th e  m e c h a n is m ,  b e n z e n e ,  a  r e lu c ta n t  p ro ton  d o n o r ,  w a s  
u s e d  a s  a n  e f f e c t iv e ly  a p ro to n ic  s o l v e n t .  This d id  n o t  in h ib i t ,  to  a 
d e t e c t a b l e  d e g r e e ,  th e  p rim ary  p h o to c h e m ic a l  p r o c e s s  ( jud ged  by  th e  
b u i ld - u p  of th e  y e l lo w  c o lo r ) .  S e a le d ,  d e g a s s e d  s a m p le s  e x h ib i te d  
th e  s a m e  p h o to c h e m ic a l  b e h a v io r  th a t  w a s  o b s e rv e d  w ith  th e  u n s e a l e d  
s y s t e m s .  The d e g a s s e d  s a m p le s  d id  s e e m  to  show  a m uch g re a te r  
d e g re e  of r e v e r s i b i l i t y  th a n  d id  th e  s a m p le s  w h ic h  c o n ta in e d  sm a ll  
a m o u n ts  of w a te r  an d  o x y g en  (from th e  a tm o s p h e r e ) .
P re l im in a ry  s tu d i e s  of th e  u l t r a v io le t  s p e c t r a  o f  th e  p e rm a n e n t  
d e c o m p o s i t io n  p ro d u c ts  of p h e n y l  b e n z o a te  in d ic a te d  t r a c e  a m o u n ts  of 
p h e n o l ,  b e n z o ic  a c id  a n d  b e n z a ld e h y d e . In fra re d  s p e c t r a  o f th e  
i r r a d ia t e d  s o lu t io n  r e v e a l e d  th re e  new  b a n d s  lo c a te d  c a .  2 . 9 0 p ,
7 .2  5 p  a n d  1 4 .7 2  p . T h e s e  b a n d s  m ay be  a t t r ib u te d  to  e i th e r  p h e n o l  
or b e n z a l d e h y d e . The e v a p o ra t io n  of t h e  s o lv e n t  y ie ld e d  a t h ic k  o i ly  
l iq u id  w h ic h  s o l id i f i e d  a t  room t e m p e r a tu r e . A fter i r r a d ia t io n  of th e  
p h e n y l  b e n z o a te  s o lu t io n ,  i t  w a s  p o s s ib l e  to  d e te c t  th e  d e f in i te  odor 
o f b e n z a ld e h y d e  a b o v e  th e  s o lu t io n .  The u l t r a v io le t  a b s o rp t io n  sp e c tru m  
of i r r a d ia t e d  p h e n y l  s a l i c y l a t e  i n d ic a t e d  th e  fo rm atio n  of s a l i c y l i c  a c id  
in  a d d i t io n  to  o th e r  u n id e n t i f i e d  p r o d u c t s .  T here  w a s  n o  fu r th e r  
a t t e m p t  m ade  to  i s o l a t e  a n d  id e n t i fy  th e  d e c o m p o s i t io n  p r o d u c t s .
F o rb es  h a s  i n d ic a t e d  th a t  t h e  p h e n y l  g roup  a t t a c h e d  to  th e  
o x y g e n  a tom  i s  e le c t r o n  a t t r a c t in g  w hen  p h e n y l  b e n z o a te  i s  c o m p a red
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49to  b e n z o ic  a c i d .  It r e m o v e s  e le c t r o n s  an d  a id s  t r a n s i t i o n  to  e x c i te d  
s t a t e s  of th e  ty p e  sh o w n  b e lo w .  This i n c r e a s e s  th e  i n t e n s i t y  of th e  
a b s o rp t io n  a n d  r e s u l t s  in a s l ig h t  b a th o c h ro m ic  s h i f t .  The in c r e a s e  
in  e le c t r o n  d e n s i ty  in  th e  p ro x im ity  of th e  c a rb o n y l  g roup  d e c r e a s e s  
th e  e n e rg y  re q u i re m e n t  for f i s s io n  p r o c e s s e s .
+
0
The f i s s i o n  p r o c e s s  u n d o u b te d ly  p ro c e e d s  v ia  th e  (p i* ,n )  e x c i te d  
s t a t e  b e c a u s e  t h i s  i s  th e  lo w e s t  e x c i te d  s t a t e  in  t h e s e  co m po und s  a n d  
h ig h e r  e x c i te d  s t a t e  l e v e l s  a re  r a p id ly  d e p o p u la te d  by in te r n a l  c o n v e r ­
s io n .  The r e s o n a n c e  form s d e s c r ib in g  th e  (p i* ,n )  s in g le t  o r  t r ip l e t  
s t a t e s  of th e  c a rb o n y  group w i l l  in v o lv e  th e  n o n -b o n d in g  e l e c t r o n s  on 
th e  e s t e r  o x y g e n  a n d  t h i s  w i l l  m a te r ia l ly  w e a k e n  th e  c a rb o n y l  g ro u p -  
ox y g en  b o n d .  T his  bond  i s  th e  w e a k e s t  bond in  th e  m o le c u le  (bond 
s t r e n g th  i s  c a .  70 k c a l / m o l e ) . A lk a lin e  h y d ro ly s i s  of e s t e r s  in  s o l u ­
t io n  in v o lv e s  th e  b re a k in g  of th i s  bond  in  th e  d i s s o c i a t i o n  p r o c e s s .  
P h o to ly s i s  of c a rb o n y l  e s t e r s  in  th e  g a s  and  l iq u id  p h a s e  i s  know n to  
p ro c e e d  th ro u g h  p r o c e s s e s  in  w h ich  th i s  bond  i s  b ro k e n .  T here  i s  no  
r e a s o n  to  b e l i e v e  t h a t  lo w e rin g  of th e  te m p e ra tu re  w i l l  s t a b i l i z e  th e  
m o le c u le  s u f f i c i e n t ly  to  p re v e n t  th e  ru p tu re  o f t h i s  bond  u p o n  i n t e n s e  
e x c i t a t i o n .
f . F o rb e s ,  a n d  M . B. S h e r a t t e ,  C a n . T. C h e m . . 3 3 .
1829 (195 5 ) .
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The f a i lu re  of th e  a lk y l  e s t e r s  to  u n d e rg o  p h o to ly s i s  i s  e a s i l y  
u n d e rs to o d  if  th e  s t a b i l i t y  of th e  r e s u l t a n t  free  r a d i c a l s  i s  c o n s id e r e d .  
The p h e n o x y l  free  r a d i c a l  i s  a  r e s o n a n c e  hybrid  of a num ber of 
s t r u c tu r e s  in  w h ic h  th e  u n p a ire d  e le c t r o n  i s  d e lo c a l i z e d  over th e  £ i  
s y s te m  of th e  p h e n y l  g ro u p .  S e v e ra l  s im i la r  r e s o n a n c e  c o n f ig u ra t io n s  
a re  a l s o  a v a i l a b l e  for th e  p h e n y l-c a rb o n y l  free  r a d i c a l .  There  i s  no 
s u c h  s t a b i l i z a t i o n  p o s s ib l e  for th e  free  r a d i c a l s  form ed from th e  a lk y l  
e s t e r s .  T h is  m ay e x p la in  th e i r  l a c k  of p h o to ly t ic  r e a c t i v i t y .
E. PHOTOFISSION OF THE BENZENE RING:
A fter i r r a d ia t io n  w i th  u l t r a v io l e t  l ig h t ,  th e  low te m p e ra tu re  
a b s o r p t io n  s p e c t r a  o f £ - ( t ^ b u ty l ) p h e n y l  s a l i c y l a t e ,  n - b u ty l  s a l i c y l a t e ,  
e th y l  s a l i c y l a t e ,  s a l i c y l i c  a c i d ,  and  b e n z e n e  a l l  sh ow  th e  p r e s e n c e  
of new  b a n d s  w ith  m axim a a t  255 m u, 266 mu and  277 m u. T h e se  new  
b a n d s  a re  c h a r a c t e r i s t i c  of a  p ro d u c t  of an  i r r e v e r s ib le  r e a c t io n :  w hen  
th e  s o lu t io n  i s  w arm ed  to  room te m p e ra tu re  th e  b a n d s  rem a in  a n d  a re  
s h i f te d  to  th e  b lu e  a b o u t  5 mu w ith  a s l ig h t  l o s s  of s t r u c tu r e .  T his  
c o r r e s p o n d s  to  a  re d  s h i f t  upo n  c o o lin g  a n d  s u g g e s t s  th e  p r e s e n c e  of 
som e s p e c i f i c  in te r m o le c u la r  i n te r a c t io n  ( e . g . ,  h y d ro g en  b o n d in g ) .
F igu re  41 g iv e s  th e  room  te m p e ra tu re  a b s o r p t io n  s p e c t r a  of 
b e n z e n e  in  EPA i n i t i a l l y ,  a n d  a f t e r  i r r a d ia t io n  a t  77°K, a n d  a l s o  th e  
low te m p e ra tu re  a b s o r p t io n  s p e c t r a  b o th  b e fo re  a n d  a f t e r  i r r a d i a t i o n .  
F ig u re s  4 2 ,  4 3 ,  a n d  44 g iv e  th e  s p e c t r a l  c h a n g e s  of t h e  o th e r  co m ­
p o u n d s  a s s o c i a t e d  w ith  th e  i r r a d i a t i o n .
115
ABSORPTION SPECTRA OF 
BENZENE IN EPA:

















FIGURE 42 . ABSORPTION SPECTRA OF & -( t -  
BUTYL) PHENYL SALICYLATE IN EPA:
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FIGURE 4 3 .  ABSORPTION SPECTRA OF 


















FIGURE 44 . ABSORPTION SPECTRA OF 








N aum an found th a t  w hen  b e n z e n e  in  EPA is  i r r a d ia te d  w ith  
u l t r a v io le t  l ig h t  a t  low te m p e ra tu re ,  th e re  i s  a  d e c r e a s e  in  th e  p h o s ­
p h o r e s c e n c e  in te n s i ty  w ith  t i m e . ^  G ib s o n ,  Blake a n d  Kalm s tu d ie d  
th i s  p h o to c h e m ic a l  phenom eno n  in  d e t a i l . ^  It b e ca m e  e v id e n t  from 
th e i r  d a ta  t h a t  an  i r r e v e r s ib le  p h o to c h e m ic a l  r e a c t io n  w a s  c o n v e r t in g  
b e n z e n e  in to  a  n o n - p h o s p h o r e s c e n t ,  s t a b le  d e c o m p o s i t io n  p ro d u c t .
The d e c r e a s e  in  p h o s p h o r e s c e n c e  in t e n s i ty  upon  i r r a d ia t io n  a n d  i t s  
r e a p p e a r a n c e  a t  n e a r ly  th e  o r ig in a l  i n te n s i ty  a f te r  w arm ing  an d  
re f re e z in g  th e  s a m p le ,  i s  e x p la in e d  by a s s u m in g  th a t  th e re  i s  th e  
p h o to c h e m ic a l  p ro d u c t io n  of a  s m a l l  re g io n  of n e a r ly  o p a q u e  m a te r ia l  
n e a r  t h e  fron t s u r f a c e  of th e  sa m p le  t u b e .  From F igu re  41 we s e e  t h a t  
th e  a b s o r p t io n  sp e c tru m  of th e  p h o to c h e m ic a l ly  p ro d u ce d  com pound  i s  
so m e w h a t  to  th e  red  an d  i t  o v e r la p s  th e  a b s o rp t io n  sp e c tru m  of th e  
u n r e a c te d  b e n z e n e .
U pon i r r a d ia t io n ,  th e  a b s o rp t io n  d u e  to  th e  u n c o n v e r te d  benzene  
d e c r e a s e s  v e ry  l i t t l e  in  i n t e n s i t y ,  i n d ic a t in g  o n ly  a sm a l l  p e rc e n ta g e  
c o n v e r s io n  to  th e  d e c o m p o s i t io n  p ro d u c t .  The a b s o r p t iv i ty  of th e  
p ro d u c t ,  on  th e  o th e r  h a n d ,  sh o w s  a v e ry  r a p id  i n c r e a s e  to  h igh  
i n t e n s i t y .  T h e se  f a c t s  i n d ic a t e  t h a t  th e  new  com po und  h a s  a m uch
R. V. N a u m an , C o m m u n ic a t io n  in  a S em ina r  on P h o s p h o r e s c e n c e  
a n d  th e  C h e m ic a l  C o n s t i tu t io n  of A rom atic  C o m p o u n d s ,  U n iv e r s i ty  of 
C a l i f o r n ia ,  1944 , a n d  s u b s e q u e n t  p r iv a te  c o m m u n ic a t io n s .
^ G i b s o n ,  B lake a n d  Kalm, o p .  c l t .
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g r e a te r  m olar e x t in c t io n  c o e f f i c i e n t  th a n  h a s  b e n z e n e .  The la rg e  
m olar e x t in c t io n  c o e f f i c i e n t  w o u ld  m ake e v e n  a  th in  la y e r  o f th i s  
com pound  a v e ry  e f f i c ie n t  s c r e e n  for re d u c in g  th e  i n te n s i t y  of th e  
e x c i t in g  l ig h t  w h ic h  r e a c h e s  th e  b e n z e n e ,  a n d ,  in  th i s  w a y ,  the  
i n te n s i t y  of th e  e m is s io n  w o u ld  be  r e d u c e d .  M e lt in g  of th e  sa m p le  
w ould  a l lo w  th e  s c r e e n in g  m o le c u le s  to  d i f f u s e  in to  th e  bu lk  of th e  
s o lu t io n ,  an d  upon  r e f r e e z in g ,  th e  e m is s io n  w ou ld  be a t  e s s e n t i a l l y  
th e  i n i t i a l  i n t e n s i t y .
In c o n t r a s t  to  th e  a b o v e ,  a l l  of th e  o th e r  m o le c u le s  w h ic h  y ie ld  
t h e s e  s im i la r  d e c o m p o s i t io n  p ro d u c ts  h av e  a b s o r p t io n  b a n d s  of low er  
e n e rg y  (to th e  ied )  th a n  th e  a b s o rp t io n  b a n d s  of th e  p r o d u c t .  T h is  
m ak e s  th e  u l t r a v io l e t  s c r e e n in g  in e f f e c t iv e  in  t h e s e  c a s e s  and  e x p la in s  
w hy  th e r e  i s  no  m arked  d e c r e a s e  in  p h o s p h o r e s c e n c e  I n t e n s i t y  upon  
i r r a d ia t io n  for t h e s e  c o m p o u n d s .
T h is  p h o to ly t ic  r e a c t io n  of b e n z e n e  h a s  b e e n  r e p o r te d  in  bo th  
p o la r  an d  n o n - p o la r  g l a s s y  s o l v e n t s .  E x p o su re  of th e  s o lv e n t s  a lo n e  
p ro d u c e d  no  c h a n g e  in  th e i r  a b s o r p t io n  s p e c t r a .  O xyg en  and  w a te r  
w e re  e l im in a te d  a s  p a r t i c ip a n t s  in  th e  r e a c t io n  by  u s in g  a  s o lv e n t  f ree  
from b o th  a n d  r e s u l t s  i d e n t i c a l  w ith  t h o s e  from o th e r  e x p e r im e n ts  w e re  
o b t a i n e d .
G ib so n  and  c o -w o r k e r s  i s o l a t e d  th e  p h o to d e c o m p o s i t io n  p ro d u c t  
an d  c h a r a c t e r i z e d  i t .  I t  i s  a n  o i ly  m a te r ia l  w h ic h  l o s e s  i t s  a b s o rp t io n  
in  th e  n e a r  u l t r a v io l e t  u p o n  s ta n d in g  in  c o n ta c t  w i th  a i r  o r  upon
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t r e a tm e n t  w i th  brom ine  (with  w h ic h  i t  r e a c t s  i n s t a n t a n e o u s l y ) . I t s  
a b s o r p t io n  i s  th e r e f o re  d u e  to  u n s a t u r a t i o n  a n d  n o t  to  a r o m a t i c i t y .
From th e  a b o v e  d a t a ,  G ib s o n  e t  . a l .  c o n c l u d e d  t h a t  th e  sp e c t ru m  
w a s  t h a t  of t r a n s - 1 , 3 .  5 - h e x a t r i e n e . The s l i g h t  s h i f t  of  t h e  w a v e l e n g th  
of th e  b a n d  m axim a w i th  r e s p e c t  t o  t h o s e  r e p o r t e d  in  t h e  l i t e r a t u r e  for
1 ,3  , 5 - h e x a t r i e n e  w a s  a t t r i b u t e d  t o  t h a t  d i f f e r e n c e  e x p e c t e d  b e tw e e n  
th e  a b s o r p t i o n  s p e c t r a  of t h e  t r a n s  i s o m e r  a n d  t h a t  of th e  i s o m e r i c  
m ix tu r e .  Any s o l v e n t  c a p a b l e  of d o n a t in g  a  h y d r o g e n  sh o u ld  be s u i t a b l e  
for  t h e  p r o d u c t io n  of h e x a t r i e n e . W hen  G ib so n  et_. a l . u s e d  p e r f l u o r o - 2 -  
m e t h y l p e n t a n e  a s  s o l v e n t ,  t h e y  o b t a i n e d  a s p e c t r u m  w i th  c e r t a i n  of the  
c h a r a c t e r i s t i c s  of  th e  b ip h e n y l  s p e c t r u m .  The p h o t o c h e m i c a l  d e c o m ­
p o s i t i o n  of b e n z e n e  v a p o r  in  t h e  far  u l t r a v i o l e t  i s  th o u g h t  t o  go  to  
b i p h e n y l .
The m e c h a n i s m  u n d o u b t e d l y  i n v o lv e s  t h e  fo l lo w in g :  (1) e x c i t a ­
t io n  to  t h e  e x c i t e d  s i n g l e t ,  (2 ) i n t e r s y s t e m  c r o s s i n g  to  t h e  t r i p l e t  
s t a t e ,  (3) p r o d u c t io n  of a b i r a d i c a l  a s  t h e  r e s u l t  of  th e  b rea k in g  of  
one  of th e  a ro m a t i c  b o n d s ,  a nd  (4) t h e  a b s t r a c t i o n  of  tw o  p ro to n s  from 
th e  s o l v e n t .
L ea ch  e t .  a l .  d e d u c e d  t h a t  t h e  b e n z e n e  m o le c u le  i s  s p l i t  by
1 O 1
m e a n s  of a  p h o t o d i a s o c i a t i o n  in v o lv in g  t h e  B2u '  or A jg
r
s t a t e s .  The e f f e c t  o f  t h e  m a t r ix  on th e  m o le c u le  a t  77°K i s  to
5 2 S .  L e a c h ,  E.  M i g i r d ic y a n  a n d  L.  G r a l l a r .  I .  C h i m . P h v s . . 
(In P r e s s ) .
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i n t r o d u c e  a  d e fo r m a t io n ,  w h ic h  a f f e c t s  v a r i o u s  t r a n s i t i o n  p r o b a b i l i t i e s ,
s ^a n d  may th e r e f o re  l e a d  to  in d u c e d  p r e d i s s o c i a t i o n s .
J .  M ink o f f ,  F ro zen  Free  R a d i c a l s , I n t e r s c i e n c e  P u b l i s h e r s ,  
N ew York ( i 9 6 0 ) ,  116.
IV
SUMMARY
The m e c h a n i s m  of th e  a n o m a lo u s  i n c r e a s e  in  th e  i n t e n s i t y  of th e  
p h o s p h o r e s c e n c e  of c e r t a i n  c o m p o u n d s  h a s  b e e n  s t u d i e d  a n d  p a r t i a l l y  
c h a r a c t e r i z e d  by p r e v io u s  w o rk e r s  in  t h e s e  l a b o r a t o r i e s .  This  s p e c t r o ­
s c o p i c  b e h a v i o r ,  t h e  i n c r e a s e  in th e  i n t e n s i t y  of th e  p h o s p h o r e s c e n c e  
a s  th e  r e s u l t  of i r r a d i a t i o n ,  w a s  found  to  be p e c u l i a r  to  s y s t e m s  w h ic h  
h a v e  a n  in t r a m o l e c u l a r  h y drogen  a s  p a r t  of a  c o n ju g a t e d  c h e l a t e  s y s t e m  
( e . g . ,  s a l i c y l a l d e h y d e  a n d  o - h y d r o x y a c e t o p h e n o n e ) .
This  i n v e s t i g a t i o n  w a s  d i r e c t e d  to w a rd  th e  fu r the r  u n d e r s t a n d in g  
of th e  e l e c t r o n i c  b e h a v io r  of  t h e s e  a n d  r e l a t e d  i n t r a m o le c u la r  h yd ro g en  
b o n d e d  s y s t e m s .  The i n f lu e n c e s  of u l t r a v i o l e t  i r r a d i a t i o n  a n d  low 
t e m p e r a tu r e  on  th e  e l e c t r o n i c  t r a n s i t i o n s  of m o le c u l e s  a re  a l s o  
t r e a t e d .  New t e c h n i q u e s  a n d  e q u ip m e n t  n e c e s s a r y  for  th e  i n v e s t i ­
g a t i o n  of t h e s e  s y s t e m s  w ere  d e v e l o p e d  du r ing  th e  c o u r s e  of t h e  s t u d y .
A n o v e l  method  for  e a s i l y  a n d  r a p id ly  o b ta in in g  t h e  a b s o r p t io n  
s p e c t r a  of  m o le c u l e s  in  g l a s s y  s o l v e n t s  a t  low t e m p e r a tu re  (7 7°K, th e  
t e m p e r a tu r e  of b o i l in g  l iq u id  n i t rog en )  w a s  d e v e l o p e d .  A p ro c e d u re  
for  th e  a u to m a t i c  r e c o rd in g  of th e  a b s o r p t i o n  s p e c t r u m  of a  com pound  
a s  t h e  t e m p e r a t u r e  i s  s lo w ly  I n c r e a s e d  from LIN t e m p e r a t u r e  (77°K) t o  
room te m p e r a tu re  w a s  d e v i s e d .
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The d a ta  p r e s e n t e d  h e re  p l a c e  t h e  p h o s p h o r e s c e n c e  i n t e n s i t y  
b u i l d - u p  p hen o m e n o n  in  th e  c o n te x t  of a l a rg e r  group  of  r e l a t e d  
p h e n o m e n a .  T h e s e  p h e n o m e n a  r e s u l t  from th e  s t rong  i n f lu e n c e  of 
th e  i n t r a m o l e c u l a r  h y d ro g en  bond  on th e  e l e c t r o n i c  p r o c e s s e s  and  
m o le c u la r  c o n f i g u r a t i o n s .
A sum m ary  of t h e  d e s c r i b e d  p h e n o m e n a  f o l lo w s :
( 1 ) a  c ry o c h ro m ic  r e d  s h i f t ,  ( s h i f t  of th e  p o s i t i o n  of a b s o r p t io n  
b a n d s  a s  t h e  r e s u l t  o f  a  d e c r e a s e  in  th e  t e m p e r a tu re  of th e  s y s t e m  to  
77°K ) , i s  o b s e r v e d  for t h o s e  m o le c u l e s  w h ic h  a re  no t  i n t r a m o l e c u l a r  
h yd rog en  b o n d e d ,  w h i le  t h o s e  m o le c u l e s  w h ic h  h a v e  s u c h  a  bond 
e x h ib i t  n o  s u c h  sh i f t ;
(2 ) p h o to ly t i c  d e c o m p o s i t i o n  of  m o le c u l e s  a n d  ch ro m op h or ic  
p a r t s  of m o l e c u l e s  w h ic h  a re  n o t  p a r t  of  th e  c o n ju g a t e d  c h e l a t e  
s y s t e m  i s  o b s e r v e d .
(3) th e  r e v e r s i b l e ,  p h o t o c h e m i c a l  p r o d u c t io n  of  a  p h o s p h o ­
r e s c e n t  m o le c u le  from a g e n e r a l l y  n o n - p h o s p h o r e s c e n t  s p e c i e s  
o c c u r s .
The p h e n o m e n a  l i s t e d  a b o v e  a re  r e l a t e d  th ro u g h  m e c h a n i s m s  
in v o lv in g  t h e  s h a r in g  a n d  t h e  t r a n s f e r  of  a  p h e n o l i c  p ro ton  b e tw e e n  
th e  o x y g e n  of t h e  p h e n o l  g roup  a n d  t h e  o x y g e n  of  th e  c a r b o n y l  g r o u p .  
The c ry o c h ro m ic  s h i f t  t o  lo w e r  e n e r g y  of t h e  E. T .  ( e l e c t r o n  t r a n s fe r )  
a b s o r p t i o n  b a n d s  of th e  n o n - i n t r a m o l e c u l a r  h y d ro g en  b o n ded  c o m ­
p o u n d s  r e s u l t s  from th e  low t e m p e r a tu re  s t a b i l i z a t i o n  of r e s o n a n c e
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c o n f ig u r a t i o n s  in  w h ic h  th e  m o le c u la r  o r b i t a l s  of th e  ch rom o ph o r ic  
g ro u p s  a t t a i n  a  h ig h e r  d e g r e e  of c o p la n a r i t y  t h a n  i s  p o s s i b l e  a t  room 
t e m p e r a t u r e .
In th e  c o n ju g a t e d  c h e l a t e  s y s t e m ,  th e  m o le c u le  i s  h e ld  in  a 
c o p l a n a r  c o n f ig u r a t i o n  by  th e  i n t r a m o l e c u l a r  h y d ro g e n  b o n d .  As a  
r e s u l t  of th e  h y d ro g e n  b o n d ,  th e  long w a v e l e n g t h  E. T.  a b s o r p t i o n  
b a n d  a p p e a r s  a t  low e r  e n e r g y  ( fu r the r  to  th e  red)  for  an  in t r a m o l e c u l a r  
h y d ro g e n  b o nd ed  m o le c u le  ( e . g . ,  s a l i c y l a l d e h y d e )  t h a n  for a n o n -  
i n t r a m o l e c u l a r  h yd rog en  b o nd ed  m o le c u le  ( e . g . ,  o - m e t h o x y b e n z a l d e ­
hyde)  . The m a g n i tu d e s  a n d  th e  d i r e c t i o n s  of  t h e  c ry o c h ro m ic  s h i f t  
a n d  t h e  s h i f t  c a u s e d  by t h e  fo rm at ion  of an  I n t r a m o le c u la r  hy d ro gen  bond 
a re  v e ry  s i m i l a r .
I r r a d i a t io n  of th e  c o n ju g a t e d  c h e l a t e  s y s t e m ,  in  a d d i t i o n  to  
t h e  c h a n g e s  o b s e r v e d  in  th e  i n t e n s i t y  of  th e  e m i s s i o n ,  a l s o  p r o d u c e s  
c h a n g e s  in  t h e  a b s o r p t i o n  s p e c t r a .  The E. T .  a b s o r p t io n  b a n d s  a re  
o b s e r v e d  to  s h i f t  t o w a rd  th e  p o s i t i o n  t h e  b an d  would  h a v e  in i t s  n o n -  
in t r a m o l e c u l a r  h y d ro g e n  b o nd ed  c o n f ig u r a t i o n  ( th i s  c o r r e s p o n d s  to  a 
b lue  s h i f t ) .  The c o m p le m e n ta ry  r e l a t i o n s h i p  of t h e  m a g n i t u d e s  a n d  
d i r e c t i o n s  of th e  c ry o c h ro m ic  s h i f t  a n d  th e  p h c to c h ro m ic  s h i f t  (the  
s h i f t  in  t h e  w a v e l e n g th  p o s i t i o n  of a n  a b s o r p t io n  band  a s  t h e  r e s u l t  
o f  u l t r a v i o l e t  i r r a d ia t io n )  d e m o n s t r a t e s  t h a t  t h e  e n e r g e t i c s  of  t h e  tw o  
m e c h a n i s m s  m u s t  be  v e r y  s im i la r  ( i . e . ,  th e re  m u s t  be  p a r t i c i p a t i o n  
of  r e s o n a n c e  h y b r id s  of  a  common n a tu re  in  th e  d e s c r i p t i o n  of t h e  
respec t ive  e x c i t e d  s t a t e s ) .
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I r r a d ia t io n  a t  low t e m p e r a tu r e  i n i t i a t e s  s e v e r a l  t y p e s  of  p h o to ­
c h e m ic a l  and  p h o to ly t i c  r e a c t i o n s .  I r r a d ia t io n  of t h e  p h e n y l  e s t e r s  
of  a c e t i c  a c i d ,  b e n z o ic  a c i d  a n d  s a l i c y l i c  a c i d  y i e l d s  a  y e l lo w  c o lo r  
in  t h e  g l a s s y  s o l u t i o n .  This  c o lo r  s e e m s  to  be  d u e  to  a  t r a p p e d ,  
r e s o n a n c e  s t a b i l i z e d ,  p h e n o x id e  f r e e  r a d i c a l s .  N o n - p h e n y l  e s t e r s  
of t h e s e  a c i d s  e x h ib i t  a  d i f f e r e n t  ty p e  of p h o t o ly t i c  c l e a v a g e .  At low 
t e m p e r a tu re  in g l a s s y  p r o to n ic  s o l v e n t s ,  t h e  b e n z e n e  i s  f i s s i o n e d  by 
a p r e d i s s o c i a t i o n  p r o c e s s  t o  y i e l d  h e x a t r i e n e s . The p r e s e n c e  o f  th e  
I n t r a m o le c u la r  h y d ro g en  bond  in  th e  c o n ju g a te d  c h e l a t e  s y s t e m  r e n d e r s  
a m o le c u le  r e l a t i v e l y  immune to  th e  p h o to ly t i c  p r e d i s s o c i a t i v e  e f f e c t s  
of I r r a d i a t i o n .  This  m ay  be  d u e  to  t h e  h ig h  e n e r g y  r e s o n a n c e  forms 
m ade  a v a i l a b l e  by t h e  I n t r a m o le c u la r  p ro ton  t r a n s f e r  in th e  e x c i t e d  
s t a t e .  This  t r a n s f e r  p r o c e s s  s e e m s  to  be  i n v o lv e d  in th e  m e c h a n i s m  
of t h e  b u i ld - u p  of th e  p h o s p h o r e s c e n c e  i n t e n s i t y  and  in  t h e  s h i f t  in  
p o s i t i o n  of th e  low t e m p e r a t u r e  a b s o r p t i o n  b a n d s  u p o n  u l t r a v i o l e t  
i r r a d i a t i o n .
Fur ther  e x p e r i m e n t s  t o  t e s t  th e  v a l i d i t y  of t h e  i n t e r p r e t a t i o n s  
p r e s e n t e d  h e re  a re  s u g g e s t e d .  The c ry o c h ro m ic  s h i f t s  of a  l a rg e r  
g roup  of r e p r e s e n t a t i v e  c o m p o u n d s  s h o u l d  be  i n v e s t i g a t e d  now t h a t  
t h e  t e c h n i q u e s  for s u c h  s t u d i e s  h a v e  b e e n  d e m o n s t r a t e d .  Bulky, bu t  
n o n - h y d r o g e n  bond ing  g r o u p s  in  p o s i t i o n s  o r th o  t o  t h e  c a r b o n y l  g roup  
w ould  be  e x p e c t e d  t o  i n t e r f e r e  s t e r i c a l l y  w i th  t h e  a t t a i n m e n t  of 
c o p la n a r i t y  a n d  h e n c e  p r e v e n t  a c ry o c h ro m ic  s h i f t  in  s u c h  m o l e c u l e s .
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E v id en ce  p r e s e n t e d  in  t h i s  work  sh o w s  t h a t  i n t e r m o l e c u l a r  hy d ro g en  
bonded  m o le c u l e s  in  p o la r  s o l v e n t s  do  n o t  e x h ib i t  th e  c ry och rom ic  
s h i f t  t h a t  i s  o b s e r v e d  for th e  s a m e  m o le c u le s  in n o n - p o l a r  s o l v e n t s .
An e x p e r im e n t  in  w h ic h  t h e  c h a n g e  in  th e  a b s o r p t io n  sp e c t ru m  
i s  r e c o r d e d  a s  th e  t e m p e r a tu re  d e c r e a s e s  sh o u ld  a l l o w  d i f f e r e n t i a t i o n  
b e tw e e n  th e  e f f e c t s  on e l e c t r o n i c  t r a n s i t i o n s  w h ic h  r e s u l t  from d i f f e r e n t  
p h a s e  e n v i ro n m e n ts  a n d  t h o s e  e f f e c t s  w h ic h  r e s u l t  from c h a n g e s  in 
m o le c u la r  c o n f ig u r a t i o n  a n d  a re  a  f u n c t io n  of  t e m p e r a tu re  (kT) .
In t h o s e  s y s t e m s  w h e re  a  b u i l d - u p  of  an  e m i s s i o n  i s  o b s e r v e d ,  
e x c i t a t i o n  s p e c t r a  of t h e  i r r a d i a t e d  s y s t e m  w i l l  a id  in  th e  c o r r e l a t io n  
of th e  low t e m p e r a tu re  a b s o r p t io n  s p e c t r a  w i th  th e  e m i s s i o n  s p e c t r a .
V e r i f ic a t io n  of  th e  i d e n t i t y  of th e  f ro ze n  p h e n o x y l  f ree  r a d i c a l  
sh o u ld  be  p o s s i b l e  w i th  a low t e m p e r a tu re  E. S .  R. e x p e r i m e n t .  
P u r i f i c a t io n  a nd  i d e n t i f i c a t i o n  of t h e  p h o t o l y s i s  p r o d u c t s  r e s u l t i n g  
from t h e  i r r a d i a t i o n  of t h e  p h e n y l  e s t e r s  by c o lu m n  and  g a s  p h a s e  
c h ro m a to g ra p h y  sh o u ld  confi rm  t h e  i d e n t i f i c a t i o n s  a l r e a d y  m ade  a nd  
make p o s s i b l e  th e  p o s i t i v e  i d e n t i f i c a t i o n  of o th e r  minor p r o d u c t s .
I n c o r p o r a t i o n  of th e  c o n ju g a te d  c h e l a t e  s y s t e m  in  a  po lym er  
m atr ix  m ig h t  r e s u l t  in  a  s y s t e m  w h ic h  i s  more c o n v e n i e n t  for  s t u d y .
The s o l u t e  m o le c u le  w i l l  r e m a in  in  t h e  i n t e r io r  of th e  h y d ro c a rb o n  
po lym er  ( e . g . , one  of t h e  p o ly o le f in s )  i f  a  long h y d ro c a rb o n  t a i l
i s  a t t a c h e d  to  th e  m o le c u le  a t  som e  p o i n t .
The re c o rd in g  of t o t a l  e m i s s i o n  s p e c t r a  may be im proved  by 
th e  a c q u i s i t i o n  of a  s u i t a b l e  e x c i t a t i o n  m onochrom ato r  w i th  a n
a s s o c i a t e d  h ig h  i n t e n s i t y  l ig h t  so u r c e  w h ic h  f u r n i s h e s  a broad  
s p e c t r a l  c o n t in u u m .  The d e v e lo p m e n t  of a  m ethod to  s y n c h r o n i z e  
th e  p h o s p h o r e s c o p e  w i th  th e  l ig h t  beam c h o p p e r  a n d  th e  s w i t c h in g  
r e l a y s  of  th e  C a ry  14 s p e c t r o p h o t o m e t e r ,  a n d  the  u s e  of  a  D . C .  
l ig h t  s o u r c e ,  w i l l  g r e a t l y  i n c r e a s e  th e  r e s o l u t i o n  of t h e  r e c o r d e d  
p h o s p h o r e s c e n c e  s p e c t r a .  The u t i l i t y  of the  low te m p e r a tu re  
a b s o r p t i o n  a p p a r a t u s  c a n  be e x t e n d e d  by f ind ing  a  p o la r  g l a s s -  
forming low t e m p e r a tu re  s o l v e n t  s u i t a b l e  for u s e  in th e  r e c t a n g u l a r  
q u a r t z  a b s o r p t io n  c e l l s  .
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APPENDIX
A. GLOSSARY OF ABBREVIATIONS:
1. EPA -  A p o la r  m ixed  s o l v e n t  c o m p o s e d  of e th y l  e t h e r ,  i s o p e n t a n e ,
a n d  e th y l  a l c o h o l  i n  v o lu m e  r a t i o s  of 5 :5 :2
2 .  E .T .  b a n d  -  An e l e c t r o n  t r a n s f e r  b a n d  c o r r e s p o n d s  to  a  t r a n s i t i o n
in w h i c h  c h a r g e  i s  t r a n s f e r r e d  from o n e  ch rom o ph o r ic  
pa r t  of a  m o le c u le  to  a n o th e r  c h ro m o p h o r ic  p a r t .
3 .  ILTAS -  . i r r a d i a t e d » _l°w . t em p era tu re  a b s o r p t i o n  sp e c t ru m ;  LTAS
a f t e r  i r r a d i a t i o n  w i th  u l t r a v io l e t  l igh t  a t  77°K.
4 .  IPA - _ i s o - p r o p y l  .a lc o h o l
5 .  IPMP -  A n o n - p o l a r  m ixed  s o l v e n t  c o m p o s e d  of  . i s o p e n ta n e  and
3 - m e t hylEe n t a n e  *n a v o lu m e  ra t io  of 6:1 .
6 . IRTAS - . i r r a d i a t e d ,  x ° o m . t e m p e r a tu r e  a b s o r p t i o n  sp e c t ru m ;  RTAS
a f te r  i r r a d i a t i o n  at  77°K
7 .  LTAS -  Jp w  . t em p era tu re  a b s o r p t i o n  sp e c t ru m ;  a b s o r p t i o n  s p e c t ru m
at  7 7°K
8 . 3 -M P  -  a  n o n - p o l a r  s o l v e n t ,  3 _ - m e th y lp e n ta n e .
9 . mu -  m i l l im ic ron
10. PH -  a  n o n - p o l a r  m ixed  s o l v e n t  c o m p o s e d  of e q u a l  p a r t s  by
v o lu m e  of m e t h y l c y c l o p e n t a n e  a n d  m e t h y l c y c lo h e x a n e
11. RTAS -  room t e m p e r a t u r e  a b s o r p t io n  j ip ec t ru m ;  a b s o r p t i o n  s p e c t ru m
at  a m b ien t  t e m p e r a t u r e  
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TABLES OF SPECTROSCOPIC DATA
TABLE II
MAIN ULTRAVIOLET MAXIMA AND INFRARED BANDS IN THE 1700-1560 cm-1  REGION FOR SALICYLALDEHYDE
AND REFERENCE COMPOUNDS*
Infrared bands  in
U l t rav io le t  maxima carbon  te t rach lo r id e
Other  bands
in  the
Phenol  or a n i s o le Benzaldehyde Carbonyl  1700-1560
B-band B-band C -b a n d band cm-  * region
Compound Solvent ^max(mu) 6max Nnax(mu) emax \nax(mu) Gmax \ n a x ( c m  ^ *max(cm




327 3,600 1 , 666(s) 1 , 644(s) 
1 , 618(m) 
1 , 576(m)
m~ Hydroxy -  
benza ldehyde
Hexane 213 19 ,000 245
251
9 .5 0 0
9 .5 0 0
305 
c a .  311
2 ,90 0
2 ,8 5 0









1 , 709(s) 1 , 649(m) 
1 , 581{m) 
1 , 569(m)
o -M e th o x y -
benza ldehyde
Hexane(2a) 211 2 0 ,0 0 0 247 




c a .  317
4 ,6 0 0
4 ,2 0 0
-- --









9 ,7 0 0





3 ,2 0 0
3 ,050
*From the  d a ta  of D earden ,  J.  C .  and  W . F. F o r b e s . C a n .  T. C h e m . , 3 8 , 1837 (1960).
TABLE HI
MAIN ULTRAVIOLET MAXIMA FOR o-HYDROXYACETOPHENONE AND REFERENCE COMPOUNDS*
Phenol  or a n i s o le  
B-band
Acetophenone
B-band C -b a n d
Compound Solvent Xmax(mu) emax V a x tm u ) €max ^max(mu) cmax
o-H ydroxyace tophenone Cyc lohexane 213 2 2 ,2 0 0 2 49 .5
256






m -Hydroxyace tophenone Cyclohexane 211 2 0 ,5 0 0 243
249
8 ,6 5 0  
7 ,150
300 .5  
c a .  309
2 ,55 0
2 ,1 0 0
Acetophenone Cyc lohexane — — 238 12 ,500 279 900
o-  M ethoxyace tophenone Cyclohexane 211 20 ,300 c a . 238
242 .5
8 .1 0 0
8 ,35 0
298 
c a .  308
3 ,55 0
2 ,50 0







c a .  330
3 ,70 0
3 .50 0







c a . 310
2 ,9 0 0
2 ,6 0 0
* From the  d a ta  of D earden ,  J.  C .  and  W . F. Forbes ,  C a n . I .  C h e m . , 38, 1837 (1960).
TABLE IV
ULTRAVIOLET B-BANDS AND INFRARED CARBONYL BANDS OF SALICYLIC ACID AND REFERENCE COMPOUNDS*
Compound Solvent
U l t rav io le t  maximum 
Xmax(mu) emax
I .R .  carbonyl  band 
Vnax(cm~^)
S a l icy l ic  ac id Cyc lohexane 239 8 ,0 0 0 1,691
m -Hydroxybenzoic  ac id C yc lohexane  (ca .  1% ether) 233-234 6 ,8 00 in s o l .
Benzoic ac id Cyc lohexane 230 12 ,500 1,744
o -M ethoxy  benzo ic  ac id C yc lohexane 230 8 ,3 0 0 1 ,749
*From the  d a ta  of D earden ,  J. C .  and  W . F. Fo rb e s ,  C a n .  T. C h e m . , 3 8 , 1837 (1960).
TABLE V
THE EFFECT OF TEMPERATURE ON WAVELENGTH OF ABSORPTION MAXIMA IN IPMP SOLUTION
Compound T (°K) ^Band Maxima (mu)
2 , 4 -d ihydroxybenza ldehyde c a . 300 313 273 265 235 226
77 c a .  325 285 232
3' -hy  droxyacetophenone c a .  300 c a . 325 300 c a .  248 243 211
77 323 260 257 221
£-hydroxy  b enza ldehyde c a .  300 287 276 270 260 217 212
77 c a .  295 c a .  225
£ -m ethoxybenz  a ldehyde c a .  300 317 308 253 247 210
77 327 322 £58 252 214
o-m ethoxybenzo ic  ac id c a .  300 c a .  306 292 285 230
77 304 241
TABLE VI
THE EFFECT OF IRRADIATION ON ABSORPTION MAXIMA AT 77°K IN EPA
 Compound____________ Irrad ia ted  'Band  Maxima (mu)______________________
2 . - ( t -bu ty l)phenyl  s a l i c y la t e  No ca^ 365 310 240
Yes 310 c a .  285 277 265 255 242
n-bu ty l  s a l i c y la t e  No 306 239
Yes 278 266 256 239
e thy l  s a l i c y l a t e  No 307 239
Yes 306 277 266 255 238
s a l i c y l i c  a c id  No 315 306 242 238
Yes 315 306 278 266 255 242 238
TABLE VII
PHOSPHORESCENCE SPECTRA OF VARIOUS CARBONYL COMPOUNDS AT 77°K
ComDound Solvent Band Maxima (mu)
2 ,4 -d ib en z o y lre so rc ln o l IPMP c a .  520 480 452 425
2 ,4 -d ihy  droxybenzaldehy  de IPMP 459 437 425 412
o -h ydroxyace tophenone 3-MP 480 447 420 439
o -m ethoxybenza ldehyde 3-MP 410 471 438 409
methyl  b e n zo a te EPA 416 404 391 38 0 366
3-MP 417 407 391 382 367
methyl  s a l i c y la t e EPA 435 425 410
3-MP 507 468 435 406
phenyl  b e n z o a te EPA 516 479 446 416
phenyl  s a l i c y la t e EPA 475 444 418 387
sa l ic y la ld e h y d e IPMP 508 496 489 468 456
450 436 425 418 406
EPA c a .  471 457 439 427 410
E.-fc.-butyl)phenyl s a l i c y la te IPMP 422 412 400 387 376
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